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Nasal membrane showing increased 
leukocytes with denudation of cilia. 


Normal appearing nasal epithelium, 
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EFFECTS OF NOISE ON HUMAN BEHAVIOR AND COMMUNICATION 


HALLOWELL DAVIS, M.D. 
ST. Lous 


F NOISE had no effect on man, we should not need to bother about abating noise. 

In fact, the whole problem has practical meaning only to the extent that there 
are human limits or tolerances of some sort that we are able to define. There are 
indeed limits of tolerance of the human ear and of the human nervous system for 
noise. Unfortunately, however, and particularly for those who would like to write 
laws and ordinances tomorrow, these limits are still vague and uncertain. We do 
nevertheless begin to have some clear ideas as to orders of magnitude, and also 
as to where the problems lie and what kinds of human function are affected. 

My task of reviewing this situation is made very easy by the fortunate circum- 
stance that one of my colleagues, Dr. Karl Kryter, formerly of the Psycho-Acoustic 
Laboratory at Harvard, then of the Department of Psychology at Washington 
University and now director of the Human Resources Research Laboratory at 
Bolling Air Force Base, has recently prepared a report for the Office of Naval 
Research on this subject. One of the very practical-minded bureaus of the United 
States Navy wanted to know what noise levels would be permissible in various 
situations on naval vessels, and why. Dr. Kryter’s report does not give the final 
answers, but he has made a very thorough, careful and critical survey of our positive 
knowledge of the effects of noise on man. His work was done under my general 
supervision, under a contract between the Office of Naval Research and the Central 
Institute for the Deaf. 


Dr. Kryter’s report was necessary for several reasons: First, it had become 
common experience both in the Armed Forces and in industry that in many impor- 
tant situations noise interfered with ability to communicate by voice and even by 
electrical intercommunication systems. Second, injury to hearing by loud sounds 
had become generally recognized in the forms of so-called “boilermaker’s deafness,” 
“aviator’s notch” and (more serious) “blast injury.” Third, many people realized 
from their personal experience that noise can be annoying. All manner of vague 
ills and ailments, from insomnia and high blood pressure to inability to do mathe- 
matics or ride a bicycle, have been attributed to the baneful effects of noise of one 
kind or another. But no matter how many times the stories were repeated in 


= 


From the Central Institute for the Deaf. 
Read at the National Noise Abatement Symposium, Oct. 20, 1950. 


This work was carried out under Contract N6onr-272 between the Office of Naval Research 
and the Central Institute for the Deaf. 


1. Kryter, K. D.: The Effects of Noise on Man, J. Speech & Hearing Disorders, 1950, 
supp. 1, obtainable from Dr. George Kopp, Department of Speech, Wayne University, Detroit. 
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magazine articles or in antinoise campaigns there was little certainty as to the 
reality of these effects or as to how much noise or what kind of noise was needed 
to produce them. 


Turning now to the specific findings of our survey, I quote from the conclusions 
of the first section of the report, entitled ‘““Noise and Behavior.” 


This survey shows that nearly all industrial and laboratory experiments which report that 
noise adversely affects work output are open to criticism because of poor experimentation and 
uncontrolled factors. (By “work” is meant any mental and motor tasks not involving commu- 
nication by speech.) On the other hand, experiments carried out with proper control of all 
pertinent factors reveal that steady or expected noises do not adversely affect psychomotor 
activity to any significant extent. As a matter of fact, there is some evidence that noise may 
“insulate” a person from intermittent distractions in his environment so that on some tasks, such 
as aiming a gun, performance is better in noise than in quiet. 

The general ineffectiveness of noise on work output and on psycho-motor performance can 
be largely explained by a psychological and physiological adaptation and perhaps by an increase 
in effort on the part of the subjects. About 50% of subjects exposed for long periods to 
intense, and particularly to high-frequency noise, feel that exposure to such noise makes them 
more irritable than normal. Some comfort is gained by preventing steady noises from exceed- 
ing 90 db? re .0002 dyne/cm 2 at the position of the listener. Most persons exposed to intense 
noise as high as 120 db re .0002 dyne/cm2 as a matter of course in their work apparently 
become indifferent to it. 

Although steady-state noises appear to have little real effect on work output, it will have 
an adverse effect upon communication by speech or other auditory signals, and it has been 
experimentally demonstrated that the “annoyance value” of a noise is related to its spectrum. 
Noises containing the higher frequencies of sound are more annoying than those of predomi- 
nantly low frequencies. 

Probably most of the experiments conducted on this problem did not reflect the full impact 
of noise on the performance of the office and industrial worker in that the studies were pri- 
marily confined to non-auditory work not involving communication, whereas communication is 
required in most occupations. Thus, noise absorption and reduction should lead to greater 
efficiency and comfort of the office and industrial worker, although most of the experimental 
results so far have been negative or inconclusive. 


The conclusions of the second section, entitled the “Deafening Effects of Noise,” 
are more positive, but we do not yet know enough to do more than make a good 
guess as to the “probable” safe maximum intensity, namely, 85 decibels above 
0002 dyne/cm.* This figure does not refer, however, to the familiar over-all inten- 
sity of a noise but to its separate components, that is, to the noise in “critical bands.” 
Of course, this important concept of the critical band is explained in the body of 
the report. A critical band is about 50 cycles wide from 100 to 700 cycles per second 
(cps) and is about 10 per cent of its central frequency at frequencies above 1,000 
cps. A critical band corresponds anatomically to a distance of about half a millimeter 
on the basilar membrane or a little less than 2 per cent of the total length of the 
basilar membrane. Such a segment of the sense organ acts as a unit in many ways. 
It integrates the sound energy delivered within a “critical band” of frequencies so 


2. “90 db re .0002 dyne/cm 2” is a measure of acoustic sound pressure. It specifies a 
“level” 90 decibels above the standard reference level (.0002 dyne/cm*) recently adopted by the 
American Standards Association. Many of the early studies of noise and its effects on man 
are very difficult to interpret because no such standard reference level had been adopted at the 
time. Ninety decibels above standard reference is about the level of an average “noisy” factory 
or the loudest orchestral music. One hundred and twenty decibels is the level fairly near a 
(piston-type) airplane engine where the loudest speech cannot be heard. 
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that the loudness and the injurious effects and also the interference with speech are 
very much the same as if the energy were all concentrated at one frequency at the 
center of the band. Sounds in different critical bands add their effects differently 
both in respect to loudness, to interference with speech, and also to injuring 
the ear. 


This is not the place to go into further detail about critical bands, but it should 
be clear that the over-all intensity reading of a sound level meter will be greater 
for a noise that spreads over several or many critical bands than it will be for any 
one critical band within this range. It follows, therefore, that a noise measured in 
the ordinary over-all way as 85 db would certainly be safe as far as deafening 
effects are concerned. Eighty-five decibels over-all above standard reference is 


about the level of very loud speech or of a shout at a distance of 5 or 6 ft. (152 
or 183 cm.). 


With these necessary preliminary explanations I quote in full our general 
conclusions about the deafening effects of noise. 


(1) Exposure to intense noise from machinery causes partial and temporary hearing losses 
that persist for a few minutes to several hours. Apparently, continued repeated exposures over 
extended periods (years) may result in a partial but permanent deafness. The more intense 
the sound the greater the deafening effect. The maximum safe intensity at which no deafen- 
ing effect will occur is probably in the neighborhood of 85 db above .0002 dyne/cm? for 
“critical bands” of noise. The overall intensity of a noise in decibels usually will not cor- 
rectly indicate its deafening effect. 

(2) Both field and laboratory tests indicate that deafness occurs for the dominant frequency 
in a noise and/or for higher frequencies. 

(3) Exposure to gun fire and other shock or blast waves results in a partial deafness that 
lasts for a few minutes up to several days, and continued repeated exposure results in a partial 
but permanent deafness that may be progressive with continued exposure. 

(4) Rupture of the eardrum may be caused by blast waves or by extreme and rapid pressure 
changes resulting from rapid changes in altitude such as may occur in military flying and sub- 
marine activity. Deafness resulting from such insult is apparently due to secondary effects 
occurring in the middle ear such as infection, the development of fluids and exudates, and the 
rearrangement of middle ear structures, in addition to possible direct damage to the cochlear 
structure. 

Earplugs which afford 20 to 30 db of sound attenuation for the middle range of frequencies 
will in practically all present industrial and military situations where noise and shock waves 
are a problem afford sufficient protection from the noise to prevent deafness. The wearing of 
proper earplugs in intense noise fields improves speech communication as well as gives com- 
fort and protection. 

Earplugs individually molded and fitted to each person would probably be the most com- 
fortable and adequate method of protecting an individual from high levels of noise. There are 
certain earplugs now manufactured which provide good sound attenuation but not all people 
can wear them with comfort. Dry cotton, which has been used extensively by military personnel, 
does not afford reuch protection against the low and middle range of sound frequencies although 
it does reduce to some extent the intensity of high frequencies which subjectively are the most 
annoying. 


The gist of the third section of Kryter’s report, which is entitled “The Effects 
of Noise on Communication by Speech,” is contained in the first sentence of his 
conclusion, which reads: “Probably the most deleterious effect that noise has on 
man’s behavior is the disruption or ‘masking’ of speech communication.” 

Most of this section of the report itself is rather technical, as Dr. Kryter reviews 
and explains in some detail how, by means of the so-called “articulation index,” it 
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is possible for the acoustic engineer to calculate in advance the effect that a particular 
noise will have on the ability of man to communicate by speech. This method is 
a notable technical and theoretical advance of the last decade, with major credit 
due to the research staff at the Bell Telephone Laboratories under the guidance 
of Dr. Harvey Fletcher. It should be very valuable in enabling engineers to meet 
specifications that may be laid down in terms of the possibility of communication. 
This in itself is a rather novel concept. We point out merely that it is quite an 
advance over the concept of specifications in terms of over-all noise levels. The 
effect of noise on the intelligibility of speech depends on the spectrum of the noise, 
that is, on what kind of a noise it is, as well as on its intensity. The “articulation 
index” is calculated from these two aspects of noise. Unfortunately, there are still 


some aspects of noise, such as its continuity or interruptedness, that have not yet 
been taken into account. 


For our present purposes, however, the point is that the most important effect 
of most noise is its interference with communication. This interference begins 
before a noise is intense enough to be hazardous in any other way. Note my use of 
the word “other.” Interference with communication may, in many situations that 
require teamwork, constitute a very serious hazard. This point is so obvious that 
I need not develop it; yet it is overlooked repeatedly. 


Even when safety is not involved a partial interference with communication 
obviously reduces the efficiency of many kinds of work. Errors from misunder- 
standings become greater or time is taken repeating instructions or dictation, or 
effort is expended in talking louder. The extra effort, even if successful in avoiding 
the errors, is at least an annoyance and may amount to a significant nervous strain. 
I shall return to this idea in a moment, but I remind you of the earlier conclusion 
that the effects of noise on performance have probably failed to appear as they 
should in studies of “work” or “output,” because the output chosen for study was 
usually of the individual manual type. It is where output depends in some way on 
speech communication that it is probably most sensitive to noise. 

Other effects of noise on such things as morale and general health are more 
subtle than those treated in Kryter’s report. They are relatively insignificant in 
most military and many industrial situations where morale is high, where a certain 
amount of difficulty and hardship is taken for granted and where men pride them- 
selves on not being “panty waists” but on being able to “take it.” The situation is 
very different in a hospital or a residential area, where standards of comfort are 
very different from those in a battleship, a tank or a bomber. Here even a moderate 
disturbance may have disastrous effects on morale through preventing sleep; and 
here complaining, whether about high prices, noise or socialistic tendencies in 
government, is a perfectly acceptable form of social behavior. In a hospital, for 
example, the neutral hum of an electric fan may actually prevent complaints about 
voices down the hall because it masks them and they are not heard. Here the 
fainter but meaningful sound is more annoying than the steady, neutral, matter of 
course noise. It takes more than decibels to measure this kind of annoyance. 

Now a word of reassurance about ultrasonic noises. “Ultrasonics” are sounds 
that are so high in frequency that they are inaudible. They have been blamed for 
many vague ills and discomforts, including nausea, general weakness and irritable 
disposition. It now seems clear that high frequencies, unless they are tremendously 
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intense (intense enough to cook a small animal by the heat generated in its fur 
by the absorption of the sound), are quite harmless. It is the decibels that hurt, 
not the cycles per second. And the strange vague symptoms, some of which are 
apparently real, are probably due to very intense middle and low frequencies which 
were also present as well as the ultrasonics. I refer, of course, to the exhaust noise 
of turbo-jet engines. 

One thing is clear: We can be annoyed by something, but a lift in morale 
makes us forget it. Something may be a bit unpleasant, but if we are determined 
to do the job, we put up with it. We begin to feel tired, but extra pay or our desire 
to finish the job or stern necessity keeps us going full speed, even though it takes 
a little more effort and we may feel more tired afterward. Motivation is so 
important and so variable that we cannot reasonably hope to measure objectively 
the effects of annoyance or of moderate fatigue. Nevertheless, annoyance and 
fatigue, like headache and general irritability, may be real signs of the beginning 
of an exhaustion of our reserve of “nervous energy.” That is a bad phrase— 
“nervous energy,” and I use it only as shorthand for “our ability to increase our 
efforts a little in response to increased motivation.” Until the reserve is exhausted 
we can keep up our performance ; but we like it less and less and it takes more and 
more effort. The sense of effort and the sense of fatigue and the general irritability 
are just nature’s first warnings that our reserves are beginning to be used up. 
We can’t measure the reserve, but we can heed the danger signs. And loud and 
unexpected noises and noises that frustrate our attempts at necessary communication 
can certainly add to the stress and difficulty of any situation and thereby exhaust 
our reserves more rapidly. Perhaps the total stress of a difficult situation, as in 


military operations, is so great that this little extra load is unnoticed and insig- 
nificant by comparison ; but sometimes it may be that the stress of noise is one of 
several more or less equal loads. Then noise may well be the straw that breaks 
the camel’s back. All of this is difficult to prove, but I think it makes sense from 
the medical point of view and justifies our continuing efforts at noise abatement. 
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NOISE IN INDUSTRY 


Report of a Conference Held During the Tenth Annual Congress on Industrial Health, 
of the American Medical Association, in New York, Feb. 20, 1950 


The conference was conducted by (1) the Committee on Physical Agents of a Hazardous 
Nature, which was established at the Ninth Annual Congress on Industrial Health, and (2) the 
Subcommittee on Noise in Industry, American Academy of Ophthalmology and Otolaryngology. 

James H. Sterner, M.D.\ Chairmen 
Stacey R. Guitp, Px.D. 


Publication authorized by the sponsoring agencies. 


C. M. Pezerson, M.D. Secretary 
Council on Industrial Health 


HE IMPORTANCE of noise as a hazard to the health of industrial workers 

is not generally appreciated. The Conference on Noise in Industry at the 
Tenth Annual Congress on Industrial Health was planned to bring together the 
groups interested in the auditory hygiene of the nation’s industrial population. 

A continuing program for the investigation of the effects of noise on hearing 
is being conducted by the American Academy of Ophthalmology and Otolaryn- 
gology (a co-sponsor of this conference), through its standing Committee on the 
Conservation of Hearing and the Subcommittee on Noise in Industry. The activ- 
ities of this committee, extending over a period of years, recently have been 
amplified by the employment of a qualified full-time investigator and the initiation 
of a program of research in industrial plants. This organization is interested in 
obtaining all the pertinent information on the relation of noise to hearing, and 
has sponsored publication of a number of papers in this field, including a “Manual 
of Operation for an Industrial Hearing Conservation Program.” 

The co-sponsor of the conference was the American Medical Association, 
through its Committee on Physical Agents of a Hazardous Nature, an agency of 
the Council on Industrial Health. This committee, which was formed at the 
Ninth Annual Congress on Industrial Health, is particularly interested in enlisting 


the active cooperation and participation of a broad segment of industry in the study 
of the noise hazard. 
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Both of the sponsoring groups recognize that the combined efforts of specialists 
in the fields of hearing, of the physics of sound, of industrial hygiene and of 
industrial health administration will be needed to provide the necessary informa- 
tion and support for evaluating properly and controlling adequately the hazard of 
noise in our industrial plants. Both groups, furthermore, believe that emphasis 
on the importance of the problem is particularly needed at the present time because : 

(1) The use of equipment that generates noise of high level intensity is 
increasing in industry, with the consequence that more workmen are 
being exposed to definitely injurious sounds ; 
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(2) Activity has increased recently with respect to compensation claims for 
impaired hearing ; and 

(3) The possibility exists that the hearing of some persons may be affected 
adversely by long-continued exposure to noises below the levels of 
intensity which are generally regarded as potentially injurious. 

At the conference, discussion of the topic “Noise in Industry” was purposely 
limited to a consideration of the effects of noise on hearing acuity. In the realm 
of other, perhaps more purely psychological, effects of noise it is difficult at present 
to separate fact from fiction. 

The discussions, which covered two half-day sessions, led to the following 
conclusions : 

1. Noise can and does cause deafness. Noise at certain high levels of intensity 
presently existing in industry produces organic changes in the internal ear which, 
though reversible in the early stages, often lead, on continued exposure, to perma- 
nent injury and consequent partial deafness. 

2. Accurate standards cannot be set with present information. Present 
knowledge does not permit a quantitative definition of the effects of various intens- 
ities and types of noise on hearing in the sense of establishing a “minimum” 
standard that is comparable to the maximum allowable concentration values for 
certain chemical substances. We know that in general the likelihood of injurious 
effects increases with the intensity of a noise of a given frequency composition and 
with the duration of exposure. The variables intensity, frequency and duration 
are not sufficiently related to resultant injuries to permit the formulation of 
dogmatic criteria for industrial situations. The laboratory and field data presently 
available are valuable, but they must be supplemented by extensive, controlled 
studies in the field before standards can properly be set up. 

3. The medicolegal and compensation aspects of this problem are more serious 
than is generally appreciated. Among the factors affecting this are: 

(a) Increasing awareness that noise can injure hearing. 

(b) The almost complete absence of adequate records on the hearing status 
of employees, including preemployment and preexposure conditions, even 
in industries where very high noise levels are encountered. A compli- 
cating factor is the finding of an increased incidence and severity of 
hearing defects in older age groups of the general population. It is often 
difficult, with certain kinds of impaired hearing, to determine whether the 
functional loss is due to effect of industrial noise or to some other possible 
cause. 

(c) The trend, on the part of compensation authorities, to make an award 
for loss of a function even though no actual loss of earnings has resulted. 

4. Greater efforts should be made to prevent the generation of high levels of 
noise. Although the use of personal auditory protective equipment, such as ear 
plugs and ear muffs, may prevent harmful levels of noise from reaching the inner 
ear and damaging it, this method of preventing impairment of hearing should be 
employed only after real efforts have been made to reduce or confine the noise 
at source. Dependence on personal protective devices always carries the risk of 
variable employee acceptance and compliance, and imposes a supervisory responsi- 
bility to insure proper and sanitary usage. Much can be done in the design and 
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construction of new plants and in the modification of existing units so as to prevent 
or confine excessive noise. The real impetus to this approach will come from 
industry when the seriousness and the magnitude of the problem are realized. The 
engineering objective should be sound pressure levels not in excess of 85 decibels 
(re 10° watt/cm.?)—a value at which voice communication is still possible. 

5. Extensive, well-controlled field studies must be made, to provide essential, 
reliable information on the effect of noise on hearing, under actual industrial 
conditions. There is need that a broad cross section of industry participate in the 
program in order that all the important variables, both the known and the as yet 
unrecognized, be sufficiently included to permit reliable evaluations and conclu- 
sions. It is important that such studies be started in the near future if it is hoped, 
first, to prevent possible injury to many thousands of exposed workmen and, 
second, to anticipate with authoritative information the possible deluge of compen- 
sation claims. 

6. Adequate equipment is available, and at a reasonable cost, for evaluation of 
the physical factors of noise (sound level meters) and of the status of the hearing 
ability (audiometers). Information about such equipment can be obtained by 
writing to Dr. W. E. Grove, chairman, Subcommittee on Noise in Industry, 1340 
Wells Building, Milwaukee 2, Wis. 

7. The seventh conclusion of the conference is more in the nature of a recom- 
mendation: Industrial physicians, industrial hygienists and safety engineers, in 
industry, insurance and governmental units, are in a position to implement 
programs for the prevention of impairment of hearing due to noise. They should 
recognize and inform themselves of this important aspect of the maintenance of 
the health of industrial workers. The aid from such industrial health personnel 
will be most effective if for the immediate future their efforts are directed primarily 
to the determination of the magnitude of the hazard, i. e., to the contribution of 
information that will aid in solving the problems indicated in items 2 and 5 above. 

Comments and suggestions about some of the questions apt to be encountered 
by participants in such studies are given in the Appendix to this conference report. 


APPENDIX 


Measurement of Noise Levels —Information is needed with respect to the noise 
levels actually present in a great variety of industrial operations, in order properly 
to assess the magnitude of the problem. Measurements should be made at all 
positions actually occupied by workmen. In making these surveys of plants, it is 
desirable to use portable sound level meters. For critical investigations, the use of 
band-pass filters (to permit measurement of the energy at various frequency bands) 
will be essential in determining the relation between wavelength and injury. When 
such a precision instrument is not available, the best substitute, for a preliminary 
survey, is that based on hearing of the voice by a companion who has good hearing. 
The categories suggested for groupings of approximate noise levels in such a 
survey are: quiet; ordinary voice readily heard at a distance of 3 ft. (91.5 cm.) ; 
necessary to shout to be understood at 3 ft.; shouting with mouth near ear under- 
stood only with difficulty; shouting with mouth near ear not understood; noise 
painfully loud; noise unendurably loud. Characterization of the noises should be 
included in all surveys, made either with the voice-hearing method or with a 
portable sound level meter which measures only the “over-all” intensity of the 
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sound, not the energy contained in separate pitch ranges. Suggested terms for 
characterizing noises encountered in such surveys are: dominantly low-pitched ; 
humming ; hisses ; squeals ; high-pitched whine ; steady ; intermittent (percussive or 
otherwise) ; staccato; etc. 

For all studies in which correlations are to be made with physiological data 
(especially, hearing tests of thresholds for a series of pure tones) measurements 
should be made not only ‘of the “over-all” intensity of the noise but also of the 
intensity of each of the various parts of the frequency spectrum of the noise, using 
for this purpose a sound level meter equipped with “band-pass filters.” The use of 
such equipment will, in general, be an outgrowth of interest aroused by the infor- 
mation obtained in the simple surveys. 

In plants where pure tone audiometers are available, or can be made available, 
serial observations should be made of workers exposed to the various types of 
noises. To be of most value, such examinations should begin with the pre- 
exposure periods (i. e., preemployment examinations should be made). 

One of the objections apt to be encountered in persuading an industrial organi- 
zation to initiate a study in the field of noise is an apprehension that the investiga- 
tion may result in claims, just or unjust, and that it is better to do nothing. It may 
be possible to overcome this objection, if raised, by avoiding the testing of the 
hearing of any but new employees, on whom adequate preemployment and follow-up 
examinations can be made. 

In some instances (for example, when publication of incomplete or uncon- 
trolled data might be interpreted improperly or incorrectly) restriction of the 
findings of surveys of the noise hazards of a plant may be required. Such 
requests, of course, must be respected, but in such cases it should be pointed out 
that it is possible to make the observations of assistance to others without revealing 
the source of the data to other than the members of the Subcommittee on Noise 
in Industry, of the American Academy of Ophthalmology and Otolaryngology. 
The services of this committee group, as a continuing agency, will be available 
to coordinate and evaluate reports, and the use of any information furnished it 
will be restricted as requested by the supplier. 

Important data bearing on the subject probably exist already in the files of 
many industrial hygiene and medical departments. Much of this data doubtless is 
“negative” in the sense that it indicates no injurious exposure. Much of it probably 
is fragmentary, adequate to satisfy the plant authorities but not sufficiently com- 
plete to merit publication as a well-rounded study. The reporting of such data, 
even though restricted, to the Subcommittee on Noise in Industry (address given 
in conclusion 6, above) would aid materially in the job of assessing the real magni- 
tude of the problem and planning further studies. 

If the noise hazard proves to be of the magnitude indicated by the discussions 
at the recent conference, industry will become increasingly receptive to the idea of 
controlling noise at the source, even though the procedure may be initially more 
costly than the use of personal protective equipment. An analogy can be drawn 
from the experience with respiratory hazards. Good industrial practice now allows 
respirators or masks to be substituted for mechanical ventilation only where the 
operation cannot be controlled reasonably by engineering methods. Reliance on 
personal protective devices always carries the risk of variable employee acceptance 
and cooperation and the difficulties of providing and servicing sanitary equipment. 
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PHYSICAL MEDICAL AND REHABILITATION THERAPY 
OF HAND INJURIES 


HERMAN J. FLAX, M.D. 
SAN JUAN, PUERTO RICO 


HE PURPOSE of this study is to show that the prescription of physical 

medicine and rehabilitation, following the definitive surgical treatment of hand 
and wrist injuries, will reduce the prevalent disability of the upper extremities. 

Material for this study was taken in connection with the admission of injured 
laborers, insured under the Workmen’s Compensation Act of Puerto Rico and 
treated by the State Insurance Fund, during the fiscal year of 1948-1949. Practically 
all these workmen had their claims settled, with complete and final records of their 
incapacity ratings. During this period, 61,170 accidents were reported, 37,057 
workmen received compensation awards, 2,017 were referred to the Department of 
Physical Medicine and Rehabilitation, and 814 of these were treated for hand and 
wrist injuries. 

These patients were seen first by the attending physicians of the Medical 
Division of the State Insurance Fund, who calculated the amount of incapacity 
present before physical medical treatment and again after final discharge. The same 
procedure was followed by myself, the disability rating being fixed the day physical 
medical treatment was begun and again the day the patient was discharged from 
the Department of Physical Medicine and Rehabilitation. As regards the initial 
figures, there was no variation in time interval, since these men were seen within 
24 hours after leaving the Medical Division. However, in considering the final 
rating, there was a difference of several weeks between the date of discharge from 
the Department of Physical Medicine and from the Medical Division and lastly 
from the Industrial Commission. The Medical Division usually sent the patient 
back to work several weeks before giving him his “‘final incapacity.” However, this 
discrepancy in time apparently did not alter the statistical survey, and a double 
check was maintained on every patient. 

Each person, on being referred for physical medical treatment, received a 
complete physical examination. Whenever possible, any concurrent ailment was 
treated with the injury. Fortunately, in this study of hand injuries it was not 
necessary to curtail any of the physical medical measures because of concomitant 
disease ; i. e., pulmonary tuberculosis or hypertensive cardiovascular disease. 

After prescription of physical medicine, each patient was sent to the social 
service worker, who attempted to allay the workman’s fears of insecurity, both 


Dr. Flax is director of the Department of Physical Medicine and Rehabilitation, State 
Insurance Fund, San Juan, Puerto Rico. 

Abridgment of a thesis submitted to the Faculty of the Graduate School of the University 
of Pennsylvania in partial fulfilment of the requirements for the degree of Master of Medical 
Science (in Physical Medicine). 
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social and economic. Whenever possible, the laborers were allowed to stay with 
their families, and their transportation was paid to and from the Center. If this 
arrangement was impossible because of the type of lesion or the distance, hotel 
facilities, good food and recreation were provided. Week end passes were authorized 
for these patients, and their transportation was paid to permit them to be at home 
during part of every week. Their compensation checks were received in the Clinic, 
so that the injured men, although under treatment, could take some money home 
every week. Thus, they still remained the “bread-winners” of their families. 


FORMS OF OCCUPATIONAL THERAPY 


Shoulder and Elbow Class 
A. Overhead pulley A. Drawing at high level 
A. Cord knotting at different A. Abduction ladder 
levels A-R. Shoulder wheel 
A-R. Weight lifting A-R. Hoist 
A-R. Shoulder pulley A and A-R. Stall bars 
A-R. Sanding wheel A and A-R. Biceps and triceps Del- 
A and A-R. Carpentry orme’s exercises 
A and A-R. Rotators A and A-R. Calisthenics and shoulder 
exercises 
Hand and Wrist Class 
A. Cord knotting A, Fringing 
A. Drawing A. Towel exercise 
A. Finger painting A. Typing 
A. Clay sanding A. Grasping sand 
A, Chinese checkers A. Grasping pebbles 
A. Round sanding A. Triangle squeezing 
A. Squeeze hockey A-R. Painting 
A-R. Table pulley A-R. Block sanding 
A-R. Table. weight A-R. Tin snippers 
A-R. Screwing no. 1 blocks A-R. Hammering 
A-R. Dorsiflexor wheel A-R. Wood cutting 
A-R. Hand roller A-R. Dusting 
A-R. Hoist A and A-R. Gripper 
A-R. Thumb tacking exercise A and A-R. Calisthenics and 
hand exercises 


A chart of occupational therapy. A designates activities without resistance; A-R, activities 
with resistance; A and A-R, both types of therapy. Variable factors were time and weight. 
Note that corrective exercises is assigned to Occupational Therapy Department. 


Therefore, with the exception of the modality of heat, which was changed, all 
the other factors in the treatment program were kept constant. All patients received 
massage, active and passive movements, and occupational therapy in the form of 
active, active-resistive, or active and active-resistive exercises and crafts (chart). 
The prescription of physical medicine was given in the presence of the chief 
physical therapist and the chief occupational therapist, both of whom noted the 
treatment for their respective departments. Each modality was carefully prescribed 
with the source and the length of treatment, form of massage and kind of manipula- 
tion specified. The exercise and the craft program were determined, including the 
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amount and the manner of exercises and the type and the extent of crafts. Each 
patient was rechecked at the end of every 10 treatment days. This was equivalent 
to two weeks, as treatment is given only five days a week. Therapy was carried out 
by a staff of 12 physical therapists and seven occupational therapists, all under close 
supervision of their respective chiefs. The daily period of treatment in the Center 
lasted from four to six hours, being divided into one hour for physical therapy, one 
hour for exercise and two to four hours for arts and crafts. When a patient was 
thought to have received the maximum benefit from physical medicine and rehabili- 
tation measures, he was examined, his incapacity noted and a discharge note was 
written to the Medical Division. Here, the medical inspectors disposed of the 
patient either by discharging him with or without a disability rating or sending 
him to the local dispensary of his town to continue treatment at rest or while work- 
ing. Eventually, the man was rechecked and finally discharged with or without 
an incapacity. 

The workman then has the privilege of appealing the decision of the State 
Insurance Fund to the Industrial Commission, which has the final say in all 
problems pertaining to medical treatment. Should the Commissioners not agree 
with our dictum, they may refer the patient for more treatment, or may increase 
the stated amount of incapacity. 


ANALYSIS OF MATERIAL 
The hand and wrist injuries were grouped under 19 different diagnoses : 
. Section of extensor and/or adductor tendons of thumb, 
. Section of extensor tendons of index finger, 
. Section of extensor tendon of other single fingers, 
. Section of two or more extensor tendons of hand and/or wrist, 
. Section of wrist extensors, 
». Section of tendons and fractures of bones of hand and wrist, 
. Section of flexor tendons of hand and wrist, 
. Fractures of phalanges of fingers, 
. Fractures of metacarpals, 
. Fractures of carpals, 
. Colles’ fracture, 
. Fractures of distal third of radius and ulna, 
. Abscess of fingers and/or hand, 
. Palmar abscess, 
. Dermatitis of hand, 
». Contusion of hand and wrist, 
. Simple wound of hand and wrist, 
. Amputation of fingers, and 
. Burn of hand and fingers. 


The final statistics of all the groups are summarized in table 1. Here we find 
that the average age of the 814 workmen was 35.6 years. They received an average 
of 17 treatment days of physical therapy and 18 days of occupational therapy ; this 
is equivalent to about 31% weeks of treatment, as each week constitutes five treat- 
ment days. The laborer waited on the average 5.2 weeks after his accident before 
being referred to the Department of Physical Medicine and Rehabilitation for 
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treatment. His incapacity was reduced from 33.45 per cent of the hand to 15.5 
per cent. 

The average daily cost of the physical medicine treatment has been calculated by 
the auditing department of the State Insurance Fund to be about $4.45. Since the 
average number of treatment days was found to be 17.5, the average cost of physical 
medicine per case is $77.88. 

Total incapacity, or 100 per cent loss, of a hand is valued at 190 weeks in Puerto 
Rico. This study shows that the disability was reduced by 17.95 per cent, or 34.10 
weeks. During this same period the weekly compensations of this group of workers 
averaged $9.66 ($1.61 per day for six days). 

This means that the total compensation saved in each case was $329.41. Deduct- 
ing the costs of rehabilitating the injured workmen as completely as possible, the 


TasLe 1.—Grand Summary 


— Period of 


Incapacity of Hand Before and After ° pa- 

Treatment, per Cent Period Physical tional 

A Before Therapy Therapy 

Before After Difference Treat- Treat- Treat- 

Group Patients M PM M PM Av. Age Weeks Days Days 
1 42 18.5 18.8 74 10.0 —111 — 88 35.7 46 12 13 
2 60 22.8 21.7 8.2 9.3 32.0 3.5 13 12 
3 3 30.0 31.5 9.1 12.4 —w.9 —19.1 34.0 33 19 19 
4 ns 4.1 45.3 15.2 21.3 —28.9 —4.0 33.0 4.7 19 16 
5 6 38.0 42.0 14.6 18.5 —23.4 —3.5 32.0 6.3 20 18 
6 21 48.0 49.8 33.7 33.6 —14.3 —16.2 33.7 44 21 Vv 
7 3 38.5 43.5 26.2 28.5 —12.3 —1.0 36.0 48 20 20 
8 45 23.0 2.1 12.2 13.5 —108 —10.6 39.4 5.0 17 19 
9 3 27.7 31.8 10.5 18.4 —17.2 —13.4 37.5 51 20 18 
10 10 25.7 30.7 18.2 9.3 — 7.5 —21.4 2.0 3.9 18 bs | 
45.8 43.0 22.0 22.0 —23.8 —21.0 37.2 58 26 26 


37.4 


* M stands for incapacity determined by the Medical Division; PM for ineapacity determined by the 
Department of Physical Medicine and Rehabilitation. 


State Insurance Fund saved $251.53 per case, or $204,745.42 in all, by treating 
these 814 patients. 

These admissions represent the most severely injured of the 4,003 workmen with 
hand and finger wounds who received permanent partial compensation awards 
during 1948-1949. Most probably these workmen would not have reduced their 
disabilities to any great extent outside the Department of Physical Medicine and 
Rehabilitation. 

On the other hand, to appease critics, one may agree that these patients might 
have improved as much as 50 per cent in the same length of time without treatment. 
This would still have represented a loss of $164.70 per case or a total of $134,065.80, 
and the laborer would have remained 50 per cent more incapacitated than with 
treatment. 
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2 45 42 19.0 13.5 —15.2 23.9 38.4 5.6 2 22 — 
13 39 19.3 21.7 40 872 —M5 33.3 53 15 
28 $2.5 31.2 69 94 —%6 —218 35.0 4.0 12 uu 
15 4 20 41.0 10 «225 —210 —18.5 42.0 7.0 17 2 
16 70 18.7 «21.5 Us —102 39.0 5.0 17 16 
17 132 20.0 41 76 —124 34.6 51 12 13 
18 26 35.9 48.0 30.2 32.0 —5.7 39.0 110 20 20 
19 13 34.0 35.0 14.0 896 —0.0 35.0 5.3 16 18 
Total No. 814 
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Unquestionably, these hypothetical untreated patients would never have regained 
their function as quickly as those treated. For this reason, there would have been 
an increased number of weekly compensation checks. This would have constituted 
more expense to the State Insurance Fund—especially after these cases had been 
returned from the Industrial Commission for more treatment and/or more dis- 
ability rating. However, this is only speculative and is presented only for the sake 
of argument. 


INCREASE IN INCAPACITY RATING AFTER PHYSICAL MEDICAL TREATMENT 
It is interesting to note, as shown in table 2, that there were 101 patients who 
showed an increase in incapacity rating after discharge from the Department of 
Physical Medicine and Rehabilitation. This increase amounted to an average of 
11.9 per cent of the hand. 


Taste 2.—Increase in Individual Incapacity Rating After Physical Medicine Treatment 


Incapacity of Hand Before and After Treatment, per Cent 


Before After Difference Weeks 
Patient Group Case M* PM* M PM M PM ‘Treatment 
1 1 10384 5 5 13 5 8 0 6 
~ 2 1459 40 60 40 20 0 4 
" 3 2 1043 5 15 13 15 8 0 6 
4 1486 30 35 5 0 3 
: 5 10 10 13 10 3 0 2 
4 6 859 3.5 12 5 5 15 —?7 4 
4 7 3 54 20 40 40 40 20 0 3 
8 23 5 5 5.5 5 0.5 0 4 
u 9 4 162 15 15 25 15 10 0 7 
- 10 281 0 50 10 10 10 —40 2.5 
1 237 0 20 30 20 0 oT 
4 12 1412 20 20 30 5 10 —15 ’ 
— 13 1575 75 100 85 100 10 0 8 
io 4 1433 65 85 70 85 5 0 4 
4 15 5 125 0 15 10 15 10 0 12 
f 16 440 0 10 5 10 5 0 6.5 
4 17 472 4 40 5 5 1 —35 2 
o 18 996 20 20 25 20 5 0 12 
8 19 6 196 70 100 90 9 20 —10 3 
: 20 239 10 10 25 10 15 0 2 
& 21 116 60 80 90 80 30 0 3 
al 2 690 15 15 20 10 5 —5 4.5 
Pi 23 7 1109 14 50 20 50 6 0 7 
4 24 117 15 60 33 33 18 —27 9 
# 2 1195 7.5 7.5 10 7.5 2.5 0 6 
3 26 1408 0 33 40 10 40 —23 8 
Z 27 1606 10 30 12 15 2 —15 6 
4 28 1690 60 60 90 60 30 0 6 
a 29 1965 5 5 5.5 1.5 05 —35 3 
4 30 603 »” 100 100 100 10 0 2 
q 31 8 367 30 30 35 30 5 0 7 
Be 32 674 5 14 8 12 3 —2 4.5 
of: | 33 746 12 12 15 12 3 0 8 
: 34 1349 3 25 10 5 7 —~20 6 
4 35 1362 5 5 10 5 5 0 8 
: 4 36 1867 40 60 74 30 34 —30 8 
; a 37 9 647 0 20 5 15 5 —5 3.5 
‘ 4 38 1045 2 9 5 5 3 BES 8 
4 39 10 1583 10 60 30 33 20 —27 4 
a q 40 ll 73 25 25 30 2% 5 0 9 
5 rl 634 0 33 35 5 35 —28 2 
4 j 42 1417 0 15 15 10 15 —5 3 
* 43 1476 30 30 20 33 —10 +3 0 
44 1685 60 60 80 60 20 0 5 
: ws 45 1738 33 33 40 15 7 —18 5 
46 1778 60 60 75 60 15 0 10 
47 12 88 5 5 7.5 5 2.5 0 4 
48 249 0 15 15 15 15 0 16 
49 145 20 33 22.5 10 25 —2 4 
50 85 60 60 100 60 40 0 6 
él 642 0 37 22 15 22 —22 0.5 
52 7 20 60 60 30 40 —30 ee 


* M stands for incapacity determined by the Medical Division; PM, f 
Department of Physical Medicine and Rehabilitation. or incapacity determined by the 
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TABLE 2.—Increase in Individual Incapacity Rating after Physical 
Medicine Treatment—C ontinued 


Incapacity of Hand Before and After Treatment, per Cent 


Before After Difference 
Patient Group Case M* PM* PM M PM Treatment 
53 13 516 5 40 2% 40 15 
ed 590 0 6 6 
55 663 6 6 6 


56 1. 25 10 1 —2 
57 320 0 5 15 2.5 6 —25 6 
58 439 0 0 1 0 1 0 10 
59 532 0 0 8 0 8 0 25 
60 578 5 5 20 0 
61 710 20 20 30 20 10 0 12 
62 736 0 3 3 —6 4 
63 915 0 35 50 35 50 0 12 
64 1267 30 60 67 60 37 0 6 
65 1644 60 60 67 60 7 0 4 
66 425 0 15 1 5 1 —10 4 
67 1274 4.5 9 9 5.5 45 — 3.5 4 
68 S/ 50 70 70 70 20 0 8 
69 121 1 1 2.5 1.5 15 +05 3.5 
70 113 10 10 12 10 2 0 4.5 
7 256 0 1 1 1 1 0 6.5 
72 349 0 10 7.5 10 7.5 0 3 
73 377 10 . 25 8 15 0 5 
74 497 4.5 4.5 10 4.5 5.5 0 5.5 
75 476 0 3 5 3 5 0 16 
76 524 2.5 2.5 4.5 0 2 —25 n 
77 5AT 0 10 0.5 0 0.5 —10 1 
78 569 0 9 3.5 2 3.5 7 5 
79 588 0 25 5 3 5 —2 4 
80 620 0 15 15 0 6 —L 2 
81 726 0 12 3.5 2 35 —10 15 
82 430 5 25 15 0 10 86-25 4 
88 507 40 40 60 40 20 0 9 
st 1030 10 10 15 5 5 —5 20 
85 1247 4.5 9 9 55 45 —35 4 
86 1392 0 6 8 2 8 —4 20 
87 1542 4 9 12 5 3 —4 5 
88 1552 7 7 12 3 5 —4 4 
89 1604 5 5 7 5 2 0 8 
9” 1921 30 67 60 67 30 0 9 
a 18 548 10 15 4 15 4 0 20 
92 1265 60 60 90 60 30 0 6 
1577 7 40 20 18 —20 8 
o 1693 20 75 85 75 65 0 4 
95 1798 70 70 75 70 5 0 3 
% 702 10 60 25 60 15 0 4 
97 1522 5 25 50 15 45 8 —10 3 
98 1399 60 85 7 75 1 —10 4 
9 19 98 20 20 33 5 3 = —15 8.5 
100 645 0 30 10 10 10 ~20 4 
101 897 30 30 40 40 10 +10 3 
Av 16.7 29.0 28.6 22.8 ng —62 65 


* M stands for incapacity determined by the Medieal Division; PM, for ineapacity determined by the 
Department of Physical Medicine and Rehabilitation. 


Twenty-six patients had no provisional disability rating by the Medical Division 
on admission to the Department. Yet, 24 of these patients did have incapacities, 
ranging from 5 to 50 per cent of the hand, as measured in the Center, before starting 
rehabilitation measures. 

Fifty-three patients did not improve, according to the figures of the Department 
of Physical Medicine and Rehabilitation. Twenty-five patients showed a decrease 
of 10 per cent or less; 8 additional patients (33 in all), of 20 per cent or less, and 
12 (45 in all), of less than 35 per cent. 

Only 3 workmen showed an increase in disability rating, as confirmed by the 
Center ; i. e., + 3 per cent, + 0.5 per cent and + 10 per cent. 
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Eliminating the 24 cases with no provisional disability rating and the 12 cases 
with a difference of 30 per cent or more, the corrected number of persons with 
increased incapacity after physical medicine treatment is 65, or 8.0 per cent of the 
814 cases. 


Taste 3.—Summary of Cases in Which Appeals Were Made to the Industrial Commission 
After Physical Medicine Treatment 


Incapacity of Hand Before and After Treatment, per Cent 


Before After Difference 
PM PM Ic 
—16.7 
9 105 —65 


Patient Group Case 
1 1 
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* M stands for incapacity determined by the Medical Division; PM for in by 
Department of Physical Medicine and Rehabilitation: IC, for final incapacity 


This group of workmen began physical medicine treatment about 6.5 weeks after 
their injuries as compared with the average of 5.2 weeks of the total. 


WORKMEN APPEALING TO THE INDUSTRIAL COMMISSION 
AFTER PHYSICAL MEDICINE TREATMENT 
A summary of the matter is found in table 3. 


The 37 workers appealing to the Industrial Commission represents 4.4 per cent 
of the total number. If the seven workers whose appeal did not find favor with the 
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Commissioners are deducted, the remaining 30 represent 3.6 per cent of the 814 who 
had hand injuries. It is of interest to note that the decrease in incapacity from the 
date of admission to the Department of Physical Medicine and Rehabilitation to that 
of discharge from the Industrial Commission with the final rating was 17.8 per 
cent. Nevertheless, the average increase in disability rating over that granted by 
the Medical Division of State Insurance Fund was 5.8 per cent. 

The average age of the laborer in this group was 39 years, and he did not receive 
any physical medicine treatment until 6.3 weeks after the accidents. 


SUMMARY 

During the fiscal year 1948-1949, there were registered 61,170 workers who had 
undergone accidents, and 37,057 received compensation, 2,017 of whom were 
referred and received physical medicine treatment. 

Of this number 814 laborers, or 40.3 per cent, had hand injuries, divided into 
19 different diagnostic groups. 

All groups received daily massage and manipulation, usually both active and 
passive movements. Occupational therapy, in the form of active and active-resistive 
hand classes, and corrective therapy, in the form of specific exercises and calis- 
thenics, were prescribed. The length of treatment was four to six hours daily, five 
days per week. 

There were 65 patients, or 8.0 per cent of the total number, whose disability 
rating increased after treatment in the Department of Physical Medicine and 
Rehabilitation. 

There were 30, or 3.6 per cent of the total, who appealed successfully to the 
Industrial Commission. They received an increase of approximately 5.8 per cent 
over the disability fixed by the Medical Division of the State Insurance Fund. 

The average age of the patients was 35.6 years. 

On the average, patients waited 5.2 weeks before being referred for treatment 
to the Center. 

Incapacity was reduced, on the average, from 33.45 to 15.5 per cent of the hand 
by the wrist in approximately 17 physical therapy and 18 occupational therapy 
treatment days. 

The cost of rehabilitating a hand injury, exclusive of compensation, was, on the 
average, $4.45 per day, or $77.88 per treatment period. 

The State Insurance Fund of Puerto Rico economized to the extent of $251.53 
per case, or $204,745.42 on these 814 patients. This is attributed solely to providing 
the injured workmen with a complete surgical and medical program, including 
modern methods of physical medicine and rehabilitation. 

In the preparation of this article, constructive criticism and assistance were received from 
Dr. Steven M. Horvath, associate professor of physiology, of the State University of Iowa 
College of Medicine, and Dr. George M. Piersol, professor of physical medicine and rehabili- 
tation, of the University of Pennsylvania Graduate School of Medicine. 


DISCUSSION 

Dr. Henry C. Marste, Boston: Such reviews as this by Dr. Flax are valuable in many 
ways: They furnish a continuing check on the quality of medical care. They point out the 
necessity of a competent follow-up as a part of a medical program. 
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Care of hand injuries requires careful primary diagnosis, meticulous early treatment, a 
program, such as this, of physical medicine and rehabilitation and careful follow-up. It is 
always desirable that a case be followed from beginning to end by the same observer. Surely, 
the physical medicine portion of treatment requires repeated checks under the direct supervision 
of the doctor in charge. It has long been urged that the hand be actively used as soon as 
healing has taken place. The practice of using the hand against resistance still further hastens 
the rate at which the patient will be restored to his former occupation. The mental attitude 
of the man, his urge to work, his desire to use his hand is, in most cases, the deciding factor. 

In this paper Dr. Flax does not give data as to the time at which he establishes the end result. 
Formerly one year was considered the proper time, but more recently observers have found 
that the end result is often not arrived at before two years and that a rating made at the end 
of one year may be very materially reduced at the end of two years, following a year of active 
work. To use a percentage loss of use rating as a basis in such a study is after all the only 
method which we now have, but at the same time I think we all recognize the variability of 
the percentage rating, especially for such a complicated organ as the hand. Now we have no 
more scientific base line, but it is to be hoped that one will be found in the future. 

Active use and active resistance exercises are desirable. In my experience the use of passive 
physical therapy is often dangerous and I have discarded its use entirely. What the patient can 
and will do is the desideratum. 
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OCCURRENCE OF DDT IN HUMAN FAT AND MILK 


EDWIN P. LAUG, Ph.D. 
FRIEDA M. KUNZE, B.S. 
AND 
C. S. PRICKETT, M.S. 
WASHINGTON, D.C. 


EFORE it is possible to evaluate any chronic occupational DDT exposure 

it is necessary to determine a base line, i. e., what exposure, if any, is suffered 
by the general population. DDT has had widespread use. Investigations conducted 
by the Food and Drug Administration indicate that this has resulted in traces of 
DDT appearing in some truck crops, dairy and meat products, and more recently, 
even in flour. To evaluate DDT exposure by repeated analyses of individual 
dietaries of a large number of persons would be technically very difficult. However, 
experiments conducted in our laboratories ' have shown that the storage of DDT in 
adipose tissue is an extremely sensitive “biological magnifier” of trace amounts of 
ingested DDT. For example, we have shown that 0.1 p.p.m. DDT in the diet of the 
rat leads to the storage of about 10 to 15 p.p.m. DDT in the fat. On the assumption 
that human fat would respond by storage of DDT consumed in traces, an attempt 
has been made to use this sensitive indicator as a gage of DDT exposure in the 
general population. 


Seventy-five samples of human fat were analyzed for DIT. The specimens were furnished 
through the cooperation of Dr. Francis Pottenger of Monrovia, Calif. The samples were all 
abdominal fat obtained at autopsy, biopsy or abdominal surgery. Since it appeared likely that 
traces of ingested DDT might be excreted in human milk, 32 samples from 32 different Negro 
women outpatients of a District of Columbia Hospital were analyzed for DDT. The specimens 
were furnished through the cooperation of Dr. E. A. Clark. 

It must be emphasized that none of the subjects were occupationally employed as pesticide 
operators. Protocols of all cases examined were kept. These indicated that the greatest pos- 
sible amount of DDT to which they were exposed must have come from the diet, although in 
a few instances the inhalation of DDT.-containing sprays and dusts incidental to their use 
in and about the home could not be excluded. 

DDT analyses were made by a modified Schechter procedure,’ sufficiently sensitive to 
detect and quantitate 5 ug. of DDT in 100 ml. milk or 1 ag. DDT in 1 Gm. of fat. The modified 
Schechter procedure was found to give the same results as the standard Schechter procedure, 
using the method of Clifford,? in which the isolation of the ortho and para isomers of DDT is 
used to establish the identity of DDT. For additional discussion of this method, reference should 
be made to the paper by Laug and associates.1 Special care was taken to separate the DDT 
from the fat before attempting its colorimetric determination. 


From Division of Pharmacology, Food & Drug Administration, Federal Security Agency. 

1. Laug, E. P.; Nelson, A. A.; Fitzhugh, O. G., and Kunze, F. M.: Liver Cell Alteration 
and DDT Storage in the Fat of the Rat Induced by Dietary Levels of 1 to 50 P.P.M. DDT, J. 
Pharmacol. & Exper. Therap. 98:268, 1950. 

2. Prickett, C. S.; Kunze, F. M., and Laug, E. P.: Modification of the Schechter Method for 
the Determination of Methoxychlor or DDT in Biological Materials, J. A. O. A. C. 33:880, 
1950. 

3. Clifford, P. A.: Determination of DDT, Particularly in Milk and Fats, by the Schechter 
Procedure, J. A. O. A. C. 30:337, 1947. 
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RESULTS 


The results of analyses of 75 samples of human fat are given in table 1. This 
shows the number of cases in which DDT was found in each of six ranges of 
concentration. Approximately one fourth of the specimens examined contained 
no DDT, or only traces (0.1 to 1.0 p.p.m.). The two values in the high concentra- 
tion range were respectively 26 and 34 p.p.m., the latter from an infant. The average 
for all samples was 5.3 p.p.m. An explanation for the skew distribution pattern 
of the samples at the low DDT concentration range was sought in the possible effect 
of sex on the fat storage of DDT.* Males and females, however, were equally 
represented, and statistical analyses showed no significant difference between the 
sexes (p = 0.05). 


TasLe 1.—Range of Concentration of DDT in Seventy-Five Samples of Human Fat 


Range, p.p.m. DDT 


Average concentration = 5.3 p.p.m. 


* Actual values were 26 and 34 p.p.m. 


Taste 2—Range of Concentration of DDT in Thirty-Twe Samples of Human Milk 


a a Range, p.p.m. DDT 

4 Average concentration = 0.13 p.p.m. 


* Actual values were 0.25, 0.28, 0.42 and 0.77 p.p.m. 


Table 2 shows the range of concentration of DDT found in 32 samples of human 
milk. These results give a normal distribution pattern, with a frequency maximum 
coincident with the average concentration of 0.13 p.p.m. for all 32 subjects. This 
concentration of DDT is of the same order as that found within the past year in 
a number of market milks analyzed by the Food and Drug Administration. The 
four samples of human milk in the high concentration range showed 0.25, 0.28, 0.42 
and 0.77 p.p.m. In none of these cases could the high values be correlated with 
any extraordinary known exposure to DDT. 

In summary, this preliminary survey shows that DDT occurs in human fat and 
milk, presumably as the result of the widespread use of DDT with consequent con- 
tamination of a number of important foodstuffs. On the basis that man stores 

DDT in his fat at the same rate as the rat it may be assumed that traces of DDT in 
the average human dietary are of the order of 0.05 p.p.m. As yet clinical data are 
not available to assess whatever danger may be associated with the DDT stored in 
the fat or excreted in human milk in the quantities reported. 
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HYDROGEN SULFIDE POISONING IN SHALE OIL INDUSTRY 


GUNNAR AHLBORG, M.D. 
STOCKHOLM, SWEDEN 


WEDEN’S isolation during the war made it necessary to expand the production 

of shale oil, which till then had been carried on in an experimental stage. A 

plant for extracting oil from the rich alum shale deposits at Narkes Kvarntorp was 

constructed in 1942, and the annual production was rapidly raised to about 100,000 

cu. m. Work at the plant has continued since the war, with new tasks added to 

the program, including the extraction of other chemical products of importance such 
as sulfur, quicklime, ammonium sulfate, tar and liquefied gas. 


Owing to the emergency situation and the scarcity of materials in 1942, the 
demands of industrial hygiene had to be partly set aside at the construction of 
the plant, and new hazards, uncommon in Sweden till then, arose. Therefore, in the 
transition to a peacetime footing a comprehensive sanitary reorganization was 
begun. This included an investigation, made in 1945-1946, from the point of view 
of industrial hygiene, which was to serve as the basis of further replanning. The 


results bearing on industrial medicine will be submitted here.’ 


PRODUCTION METHODS 


Shale oil is produced by destructive distillation of shale at a temperature of about 350 C. 
in retorts by somewhat different methods (Bergh, Rockesholm and I. M. furnaces) or by electric 
heating in situ of oil shale (Ljungstrém plant). The distillation gases containing shale oil are 
cooled in condensation plants, where a light and a heavy oil fraction are drawn off by fractional 
condensation. The heavy oil can be used directly as fuel oil, whereas the light oil is separated 
in fractionating plants into gasoline, kerosene and fuel oil. 

The organic substance embedded in the shale and not yet isolated—called kerogen or 
bitumen—yields from 5 to 6 per cent oil, calculated on the amount of shale. The oil products 
derived comprise about 35 per cent gasoline, 5 per cent kerosene and 60 per cent fuel oils. The 
Swedish shale oil, containing about 20 per cent paraffins, 50 per cent olefins, 15 per cent 
naphthenes and 15 per cent aromatic hydrocarbons, differs somewhat from the Scottish shale 
oil, which contains no aromatics, and from petroleum, which can hold up to 65 per cent paraffins. 
With its high percentage of olefins it most resembles the un.aturated cracked oil obtained by 
superheating. The quantitative composition of the above-mentioned main groups is not known 
in detail, but the shale oil probably contains most of the known liquid and gaseous hydrocarbons. 


From the Central Hospital, Orebro, and the Department of Occupational Medicine, Medical 
Clinic, Caroline Hospital. 

1, Data concerning the composition of the gases and oils given here were obtained from 
the operational laboratory of the Swedish Shale Oil Company (chief: Prof. Edmund Schjan- 
berg). The air analyses were made by the Industrial Hygiene Department, National Institute 
of Public Health (chief: Prof. Sven Forssman). The clinical investigation has been performed 
at the Medical Department, Central Hospital, Orebro (chief: Haqvin Malmros, M.D.). 
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The shale also, however, contains about 7 per cent of sulfur, which at distillation forms 
gaseous sulfur compounds such as hydrogen sulfide, carbon disulfide and mercaptans. Together 
with the lighter hydrocarbons, these are piped to a gas holder and are then distributed to 
sulfur plants, where elementary sulfur is recovered from the hydrogen sulfide. The gas, free 
from hydrogen sulfide, still holds some light hydrocarbons forming light gasoline and liquefied 
gas. The latter, containing a mixture of gaseous hydrocarbons with three to four carbon atoms, is 
suitable for the production of high-octane motor fuels, for the manufacture of chemical products 
and for use as industrial and domestic fuel. 


The remaining gas is mainly used for the operation of the plant. 


GAS EXPOSURES 

The gases produced within the plant are of great importance from the point of 
view of industrial medicine. The conditions for exposure are considerable, and in 
practically all cases of poisoning at the plant the symptoms have occurred after 


Ljungstrdm 
lant 


Light gasoline Liquefied gas 


F 

Light gasoline 
plant 


Chart 1.—Origin and distribution of gases from plants extracting oil from shale. 


inhalation of gas. No less than 11,000 cu. m. of gas is produced per hour and is 
piped through an extensive pipe system, blowers and gas holders to the various 
purifying plants. 

The composition of the gas is illustrated in chart 1 and table 1. If one ignores 
carbon dioxide, oxygen, hydrogen and nitrogen, there remain the toxic elements 
carbon monoxide, hydrogen cyanide, carbon disulfide, mercaptans, hydrocarbons 
and hydrogen sulfide, as also the sulfur dioxide formed in the continued combustion 
of shale coke. 


' The content of carbon monoxide is small in relation to the content of hydrogen 

sulfide, but it possibly may be a contributing factor in poisonings within the furnace 
wo plants where carbon monoxide from the combustion gases mixes with the distil- 
lation gases. An investigation of the content of carbon monoxide-hemoglobin 
(COHb) of the blood of furnace workers at the most exposed places and in the 
worst possible conditions gave an average among 18 workers of only 3.7 per cent, 
however, with a maximum value of 0.6. It should be mentioned that several of 
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the workers had smoked tobacco before the test. The carbon monoxide exposure 
is therefore slight. Moreover, in patients suffering from acute gas poisonings 
(described below) one did not find pathological values of COHb. 

Hydrogen cyanide and carbon disulfide occur in too small concentrations to 
cause poisonings, and the same is true for the mercaptans, the latter, by the way, 
being relatively innocuous ethyl and methyl mercaptans. 

The content of sulfur dioxide varies considerably within the plant, and this 
gas does not occur in the distillation gases, as will appear from table 1. Air analy- 
ses proved that only at one place did the concentration exceed the tolerance limit 
for persons not accustomed to sulfur dioxide. It can therefore be excluded as an 
etiological factor, at least for serious poisonings. 

After condensation only those hydrocarbons remain which are still in gas form 
at the condensation temperature, i. e., hydrocarbons with less than five carbon 


TasBLe 1.—The Composition of the Gases Mentioned in Chart 1 (A-H) in Percentage 


B D E F G H 

H2S 16 28 4 25 20 0.5 0 0.5 

COs 10 8 12 5 10 4 0 4.5 
co 1 1 1 0.5 1 1 0 1 

Oz 0.5 0.2 0.5 01 05 O04 0 0.5 
Ne 35 12 % 2 25 29 0 33 
He 16 18 28 20 20 25 0 27 
CHs oe ee 21 0 24 
CeHs as 1 0 1 

CeHe 8 0 8.5 
CaHe 21.5 33 20 48 u 15 7 0 
CsHs ax 3.5 33 0 
CaHs 2 2 0 
CsHie os 2.5 23 0 
Cs 05 0 0 
HCN ae About 50 mg./m.* as 0 0 0 
CS2 ee About 1 Gm./m.* 0 0 
cos About 1 Gm./m.3 0 
RSH About 5 Gm./m.* 0 0 


atoms. They will form approximately a quarter of the gas piped through the plant 
and are (a) the paraffins methane, ethane, propane and butane and (>) the olefins 
ethylene, propylene and butylene (table 1). The first two (methane, ethane) make 
up the main part, but they are simple asphyxiates, i. e., physiologically inert gases 
that act only mechanically by excluding oxygen. Propane and butane have some 
anesthetic properties, but, according to Henderson and Haggard? (1943), there 
are apparently no ill effects from remaining for several hours in an atmosphere 
containing these gases in concentrations as high as 3 to 5 per cent, or from repeated 
exposure. Ethylene, propylene and butylene have anesthetic properties only at 
high concentrations, 60 per cent or more. 

The liquefied gas, named Gasol, contains approximately 17 per cent of pro- 
pylene, 33 per cent of propane, 22 per cent of butylene and 28 per cent of butane; 
therefore the toxicity of this gas is exceedingly small, especially as compared with 
the usual city gas. 


2. Henderson, Y., and Haggard, H. W.: Noxious Gases and the Principles of Respiration 
Influencing Their Action, American Chemical Society Monograph Series, no. 35, New York, 
Reinhold Publishing Corporation, 1943. 
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The oil obtained from condensation is of interest in two aspects as far as occu- 
pational medicine is concerned. First, the oil contains small amounts of physically 
dissolved gas of approximately the same composition as the noncondensable gas ; 
this gas is emitted during the continued purification of the oil. Second, it contains 
up to 30 per cent of gasoline, i. e., the volatile part of the shale oil. 


The toxicity of the gasoline vapor has been the object of repeated investigations. 
In general, the conclusion has been—experimentally and practically—that the 
danger of poisoning due to gasoline vapor in refining and distillation is slight. 
Lasarew * (1929) found the toxicity of gasoline lower the higher the content of 
paraffin, but the difference of toxicity between olefins and paraffins does not seem 
to be great. Drinker, Yaglou and Warren‘ (1943) stated that an air concen- 
tration of 0.1 per cent is unimportant but that concentrations of more than 2 per 
cent are rapidly fatal to most experimental animals and in man result in dizziness 
after 10 to 12 breaths. Maximum Allowable Concentration Values for 1947 state 
0.05 per cent as being the highest allowable concentration for work over a long 
period. These figures are probably not exceeded in the shale oil industry except 


Taste 2.—A Comparison Between the Toxic Effects of Gasoline and Hydrogen Sulfide 
(From Henderson and Haggard 2) 


Per Cent in Ai 
| Gasoline 
Maximum concentration allowable for prolonged exposure.................. 0.15 0.002 
- 4 Concentration producing slight sympt after exposure of several hours.. 0.25 0.015 
4 Maximum concentration tolerable for 1 hour................cceeeeeeeeeeeeees 0.70 0.030 
4 


for short periods in the refinery, where there have not been acute intoxications 
that cannot be explained in other ways (discussed below ). 


The symptoms of acute gasoline intoxication are those of narcotic poisoning— 
fulness of the head, headache, blurred vision, dizziness, unsteady gait, nausea and 
a typical “hang-over.” Some workers become euphoric (‘gasoline jag’) ; some, 
very irritable and quarrelsome. Machle * (1941), who has had some 2,300 refinery 
workers under observation for 10 to 12 years, believes that chronic gasoline poison- 
ing is very rare; he has found neurasthenic symptoms, possibly caused by gasoline, 
only among the barrel fillers, who are more heavily exposed. 

The content of benzene in shale oil does not exceed 1 per cent ; the risk of acute 
benzene poisoning can therefore be considered as practically excluded. 

The content of hydrogen sulfide, as is shown in table 1, amounts to no less than 
25 per cent in the noncondensable gas and thus occurs in concentrations equivalent 
to those of the comparatively atoxic hydrocarbons (table 2). In view of the very 
; high toxicity of this gas and of the fact that all acute poisonings have occurred in 

departments where the content of hydrogen sulfide in the transported gas has been 
high (4 to E in chart 1) or within plants where hydrogen sulfide has occurred 


3. Lasarew, N. W.: Arch. f. Hyg. 102:227, 1929. 


4. Drinker, P.; Yaglou, C. P., and Warren, M. F.: J. Indust. Hyg. & Toxicol. 25:225, 
1943. 


5. Machle, W.: Gasoline Intoxication, J. A. M. A. 117:1965 (Dec. 6) 1941. 


: 
23 
a 
= 
by, 
| 


AHLBORG—HYDROGEN SULFIDE POISONING IN SHALE OIL INDUSTRY 


251 


occasionally, this gas must a priori be suspected as the main cause of the poisonings. 
Remaining elements can have only an inconsiderable or minor part as etiologic 
agents. 


Hydrogen sulfide exposure is confirmed by air analyses at various places of 
work. The first of these investigations, in 1945, involved 107 individual places 


where men were at work for longer or shorter periods. It gave the following 
summarized results (table 2) : 


The values above 0.002 were all found within the above-mentioned plants (4 to 
E in chart 1). During the first investigation all values within the refinery were 
below 0.002, but there were several cases of poisoning here during a later period. 
At a new investigation it was shown that these were due to a temporary drying-up 
of a floor drain, hydrogen sulfide having entered into the localities from waste 
water containing approximately 0.2 per cent of hydrogen sulfide. The refinery 
has therefore been listed among the exposed plants. 


TOXICOLOGY OF HYDROGEN SULFIDE 


Hydrogen sulfide is a highly toxic, colorless gas, heavier than air (specific 
gravity, 1.19), with an offensive odor even in the very small concentration of 
0.000015 per cent in air. At higher concentrations its odor changes to a not 
unpleasant, sweetish odor, and at a concentration of about 0.015 per cent in air it 
has a paralyzing effect on the olfactory nerve. It is soluble in water, one volume of 
water absorbing three times its own volume of the gas, and also in hydrocarbons 
such as gasoline, kerosene and crude oil. A mixture of two volumes of H.S with 
three volumes of O, explodes violently when ignited. 


A very sensitive qualitative test for hydrogen sulfide in air is the darkening of papers soaked 
in lead acetate. Quantitatively it can be determined by drawing the contaminated air at a known 
rate through a standard iodine solution and then titrating this with a standard solution of sodium 
thiosulfate (Barthelemy,* 1939) or by absorbing it in cadmium acetate solution and deter- 
mining iodometrically the sulfur bound to cadmium. For routine work we have used a hydrogen 
sulfide detector which gives rapid results and is sufficiently accurate to indicate, at least semi- 
quantitatively, concentrations in air within the range of 0.0025 to 0.05 per cent. The method 
(Littlefield, Yant and Berger,’ 1935) is based on a color change reaction of activated aluminium 
oxide coated with silver cyanide and placed in a glass tube, through which the atmosphere to 
be examined is aspirated by means of a rubber bulb. The concentration is indicated by the 
distance of color in the tube. 


Hydrogen sulfide is most frequently encountered in the production and refin- 
ing of high sulfur petroleum (Sayers and others,* 1925) and in the manufacture of 
viscose rayon ( Hamilton,’ 1940). 


6. Barthelemy, H. L.: J. Indust. Hyg. & Toxicol. 21:141, 1939. 


7. Littlefield, J. B.; Yant, W. P., and Berger, L. B.: Investigational Report 3276, United 
States Department of the Interior, Bureau of Mines, 1935. 


8. Sayers, R. R., and others: Bulletin 231, United States Department of the Interior, 
Bureau of Mines, 1925. 


9. Hamilton, A.: Bulletin 34, United States Department of Labor, 1940. 


7 
i 
2 
in 
4 
= 
| 
J i 
> 
& 
2 


252 INDUSTRIAL HYGIENE AND OCCUPATIONAL MEDICINE 


Its toxicology (table 2) has been studied experimentally and practically by 
Lehman *® (1892), Haggard" (1925) and Sayers and associates* (1925). It 
has an irritant action on the mucous membranes somewhat similar to, but less 
intense than, that of chlorine and it acts on the nervous system. 

Even in the concentration of about 0.005 per cent it exerts a marked irritant 
action on the conjunctivas, the epithelium of the corneas being eroded presumably 
by the alkali sulfide formed. It also acts as an irritant on the mucous membrane of 
the respiratory tract, causing a hoarseness in the throat, coughing, nasal secretion 
and pulmonary edema as the most serious consequences. 

According to Haggard" (1925), part of the alkali sulfide formed is absorbed 
through the membranes of the respiratory tract and enters the blood stream, where 
it is hydrolyzed with liberation of hydrogen sulfide. This is rapidly oxidized to the 
harmless sulfate, and the systemic action is occasioned by the unoxidized hydrogen 
sulfide temporarily held in the blood. No sulfhemoglobin is thus formed, and 
generally the concentration of hydrogen sulfide cannot be measured in the blood. 
Because of its rapid oxidation it is a noncumulative poison. 

In small amounts (about 0.02 per cent in the respiratory air) it depresses the 
nervous system, in larger amounts it stimulates, and in very large amounts (0.1 
per cent) it paralyzes. Death in acute poisoning—if not caused by edema of the 
lungs—results from failure of respiration and the consequent asphyxia. According 
to Haggard, this respiratory failure is occasioned through two separate processes 
depending on the concentrations of the gas inhaled. A moderately high concentra- 
tion may cause hyperpnea by stimulating the respiratory center, and the excessive 
breathing lowers the carbon dioxide content of the blood, and apnea results. 
A very high concentration, however, causes respiratory paralysis. Consequently, 
spontaneous breathing does not return after the paralytic form of failure unless 
artificial respiration is applied, but after the overstimulated form, breathing returns 
spontaneously. 

Several deaths from acute hydrogen sulfide intoxication have been described in 
the literature. The course is extremely rapid, with dyspnea, disturbed coordina- 


tion and unconsciousness. Autopsy findings are negative when pulmonary edema 
has not developed. In acute intoxications without lethal course, restitution occurs 
very rapidly and systemic sequelae are said to be rare. 


Tolerance of the effect of hydrogen sulfide is not acquired, as with sulfur 
dioxide ; instead, animal experiments and experience of humans indicate that hyper- 
susceptibility may result from being exposed to the gas. 

Poisonings that result only or predominantly in damage to the mucous mem- 
brane of the eyes or the respiratory tract are usually called subacute, and have been 
described in detail by Larsen '* (1944), among others. The subjective troubles are 
intense itching, photophobia and lacrimation. Examination reveals keratoconjunc- 
tivitis and small blisters, usually peripherally, in the corneas, which heal rapidly 
under treatment, leaving no defect of the sight. Other lesions of the mucous mem- 
brane are usually trifling. 


10. Lehman, K. B.: Arch. f. Hyg. 14:135, 1892. 
11. Haggard, H. W.: J. Indust. Hyg. 7:113, 1925. 
12. Larsen, V.: Acta ophth. 21:271, 1944. 
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Opinion is divided as to the occurrence of so-called chronic poisonings. This 
term should refer to a prolonged state of disease which etiologically can be listed as 
the result of having been exposed for a long term to concentrations of hydrogen 
sulfide which per se do not produce acute or subacute poisoning, or of having been 
repeatedly exposed to such concentrations. It has not been possible experimentally 
to obtain objective symptoms with dogs exposed seven hours daily for two months 
to air with 0.01 per cent of hydrogen sulfide (Moser,'* 1940). Men exposed to the 
gas in question in their work sometimes show neurasthenic symptoms, such as 
fatigue, headache, dizziness and irritability, which have been explained as signs 
of encephalopathy caused by the gas (Noro,'* 1944), but it is no doubt difficult to 
fix the degree of exposure in these cases. Probably most of the patients have had 
slight acute poisonings, and the troubles may rather be explained as sequelae of 
such poisonings. Davenport '® (1945) said that chronic hydrogen sulfide poisoning 
from constant exposure may result in mental depression, weakness, sweats and 
frequent chills but that disability is unlikely. 


Sequelae of acute poisonings have been described by some investigators, but in 
most cases the connection between a possible exposure and the symptoms seems 
doubtful. Von Rad and Scheidemantel '® (1933), however, describe a case about 
which there can be no hesitation concerning the connection: A man exposed to a 
hydrogen sulfide concentration of approximately 0.6 per cent collapsed but revived 
after having been taken out of the gas. Afterward he had strong air hunger and 
tonic cramps of the extremities. After a week neurasthenic symptoms developed 
with severe insomnia and signs of extrapyramidal damage. His facial movements 
disappeared and also the associated movements in his arms; he had weak conver- 
gence and lacked the right abdominal reflex. An examination half a year later 
showed practically the same conditions. 


Chronic hydrogen sulfide poisoning is listed in the Swedish Workmen’s Com- 
pensation Act. Thus the differential diagnosis entails economic consequences. In 
general, the lack of clinical tests for proving exposure and the absence of typical 
symptoms have made the diagnosis difficult. The possibility of exposure, the 
occurrence of mucous membrane irritation and neurasthenic symptoms which cannot 
be explained otherwise have constituted the meager basis of the diagnosis chronic 
hydrogen sulfide poisoning. 


CLINICAL INVESTIGATION 


The clinical investigation comprises (a) acute poisonings with symptoms that 
indicated involvement of the central nervous system and (b) subacute poisonings 
with, in the main, conjunctivitis. In order to get an idea of a possible occurrence 
of so-called chronic poisoning, a comprehensive investigation has been made among 
the entire working staff, with comparisons being made between more exposed and 
less exposed groups. 


13. Moser, P.: Arch. f. exper. Path. u. Pharmakol. 196:446, 1940. 
14. Noro, L.: Duodecim 34:23, 1944. 


15. Davenport, S. J.: Information Circular 7329, United States Department of the Interior, 
Bureau of Mines, 1945. 


16. von Rad and Scheidemantel : 


Miinchen. med. Wchnschr. 80:1494, 1933. 
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Acute PoIsonINcs 

During the period 1943 to 1946 a total of 59 acute gas poisonings with uncon- 
sciousness occurred at the shale oil plant. Fifty-four of the poisoned workers had 
been exposed to crude gas (4 to E in table 1), i. e., to gas containing 14 to 26 
per cent of hydrogen sulfide ; three, to gas from oil with a high content of hydrogen 
sulfide; one, to gas from the sulfur plant, containing approximately 90 per cent of 
hydrogen sulfide, and, finally, one—at the quicklime furnace—to carbon monoxide. 
There has been no death after proved hydrogen sulfide exposure. Fourteen men 
were hospitalized immediately after poisoning, and the total number have been 
examined again from two months to three years after the accident. With 
exceptions discussed below, they have shown no signs of permanent damage. 

The symptoms have been fairly uniform: a sudden feeling of fatigue, especially 
in the legs; dizziness, and intense anxiety followed by unconsciousness with or 
without respiratory failure. The latter symptom usually subsided after a few 
minutes in fresh air. Only in a few cases was it necessary to apply artificial 
respiration. Regaining consciousness, the patients complained of pronounced 
pains in the back of the head, dizziness and sometimes nausea. Examination 
approximately half an hour after the accident revealed hardly any objective symp- 
toms except, in some cases, nystagmus and Romberg’s sign. On the whole, reflexes, 
coordination, eye movements and visual acuity were normal. The usual examina- 
tion of lungs, heart, urine, blood and blood pressure revealed no pathological con- 
dition during the period of observation. Psychically they have appeared anxious 
and have been obviously afraid of any gas, which sometimes has led to difficulties 
in oxygen treatment. 

There have been several cases of acute poisoning without unconsciousness but 
with symptoms of disturbance of the central nervous system dominating over those 
of irritation of the mucous membranes. Otherwise, their symptoms did not differ 
from those described above. 

The duration of the troubles varies from half an hour to several weeks. At 
least partly, it seems to be dependent on the treatment, shortest after immediate 
administration of oxygen and 5 per cent carbon dioxide, longest if the patient has 
returned to work immediately, which actually has happened. The injuries to 
the mucous membranes have usually been slight. 


Exposure, as well as the clinical picture, speaks in favor of the poisonings 
described having been caused entirely by hydrogen sulfide. 


SEQUELAE OF ACUTE INTOXICATIONS 


In three cases sequelae have developed in immediate connection with acute intoxi- 
cation followed by unconsciousness. Conditions for exposure as well as clinical 
course differing in the individual cases, a more detailed description seems justified : 


Case 1.—The patient was a 41 year old foreman at the refinery, who earlier had been in 
fairly good health and had had no concussion of the brain or nerve disease. Five to six times 
previously he had had acute intoxications after inhaling hydrogen sulfide or gasoline vapor. After 
each intoxication he had had headache, dizziness and nausea for about 24 hours. Two months 
ago he was again seriously intoxicated when changing pumps on a pipeline for oil containing 
hydrogen sulfide. After that he showed considerable susceptibility to hydrogen sulfide with 
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dizziness and difficulty in riding a bicycle, the latter always tending to turn to the right. For 
this reason he was examined, but no objective symptoms were found, not even in the otoneuro- 
logical examination. He therefore continued at his work. 

One hour and a half before he arrived at the hospital he had worked in a cellar room where, 
as a subsequent investigation revealed, the floor drain had dried up, and hydrogen sulfide had 
come through from waste water containing approximately 0.2 per cent of hydrogen sulfide. 
While working he suddenly became dizzy and had to take a rest in fresh air. Returning to his 
work, he again felt dizzy, and in trying to leave the room he fainted. Regaining consciousness, 
he was still very dizzy, had nausea and a feeling of anxiety. As soon as he tried to rise, the 
dizziness became stronger, and he fell. After a few minutes he was taken care of and brought 
to the hospital. 


Arriving at the hospital, he had full orientation and remembered what had happened. He 
complained of headache, intermittent dizziness and nausea. Impure respiratory sounds and basal 
rhonchi were found in the lungs. Wassermann reaction, cell count, erythrocyte sedimentation 
rate and urine were normal; the blood pressure was 140/115. Romberg’s sign was positive to 
the right; he had spontaneous deviation of the arms to the right and spontaneous periodical 
nystagmus to the left. A few hours later he had considerably recovered and had no objective 
otoneurological symptoms. After four days he left the hospital without signs of illness. 

During the first few weeks at home he was periodically troubled by headache and dizziness 
of oculomotor type. His temperament had changed, he was alternately fierce and timid; memory 
was poor, and he was very tired. After three more weeks’ rest the neurasthenic troubles had 
lessened so much that he could return to work. At the reexamination two years later, during 
which period he had been absent from work only because of unimportant infective diseases, he 
still complained of heavily increased susceptibility to gas—even to pure gasoline vapor. After 
being exposed to hydrogen sulfide he felt nervous and irritable, he could not remember tele- 
phone numbers, instrument readings, etc. He had not had vertigo. During intermediary periods 
he was completely free of troubles, and nothing pathological was found at the examination. 


Summing up, this was a case of acute hydrogen sulfide poisoning with, initially, 
signs of central damage to the organ of equilibrium and, later, encephalopathy with 
neurasthenic symptoms and hypersusceptibility to gas smells. 


Case 2.—A 24 year old, earlier healthy tank worker had had fairly good health before the 
present illness. 

In his work (gaging tanks) he had become unconscious on two previous occasions, probably 
because of hydrogen sulfide, on both occasions with the usual acute symptoms and, after the 
second, with increasing neurasthenic symptoms. Gaging a tank of crude gasoline he was 
suddenly overcome by dizziness, nausea and a strong feeling of anxiety. He rested for a few 
minutes, but when he again opened the tank lid he fainted. He was found and sent to a hospital. 
The gasoline vapor in the tank contained a heavy percentage of hydrogen sulfide. 

He regained consciousness at the examination. He shivered and had a feeling of anxiety but 
no other symptoms. No certain pathological signs were found objectively and after a week's 
rest he was free of troubles and returned to gas-free work. 

Four days after leaving the hospital he was again examined. He then showed a pronounced 
asthenic-amnesic symptom with depression and timidity and reduced memory of recent events 
as the most apparent features. The examination disclosed prolonged reaction time, spontaneous 
falling tendency and deviation of the arms to the left. On rotatory stimulation to the right 
there were pathological falling tendency and deviation of the arms. These reactions remained 
at repeated examinations during the next three weeks. Gradually, facial mobility weakened ; 
he evidenced a striking poverty of movements, and the finger-nose test was positive. He was 
sent to a psychiatric clinic where, after close study, no cause of his illness other than the 
previously sustained intoxication could be found. After about half a year the patient was again 
comparatively free of troubles. 


Thus, after acute hydrogen sulfide intoxication, signs of a cerebral injury, with 
neurasthenic symptoms and damage to the organ of equilibrium and to the extra- 
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pyramidal system as the most striking symptoms, developed in this patient after a 
latency of approximately one week. 

Case 3.—A 30 year old stoker, who had been in good health and had had no signs of epilepsy 
or other nerve diseases, was found in a narrow room, where, as proved by an investigation 
after the accident, there was a 0.023 per cent content of hydrogen sulfide in the atmosphere, 
due to leakage from a drainpipe. It could be established that the patient had been in that room 
for at least 20 minutes. When he was found, he had cramps in his right arm and froth about 
his mouth and was unconscious. Breathing was shallow and slow; the pulse, regular, with 
about 60 beats per minute. As soon as he had been taken out of the room, the cramps subsided 
and he became highly restless. After a while, however, he lay in profound sleep for a few hours. 
Data concerning pupil reactions, etc., are lacking. 

He was unconscious during the first examination after his arrival at the hospital, but he 
had no other nerve symptoms. He showed signs of a circulatory crisis, with a blood pressure 
of 80/50 and a pulse rate of 60. The heart sounds and the electrocardiogram were normal. The 
day after his arrival the patient suddenly went into shock and recovered only after heavy 
stimulation. However, the systolic blood pressure did not rise above 100 until after three days 
despite persistent stimulation. He left the hospital six days after his arrival, fully recovered 
and with a blood pressure of 120/80. He was under observation over a period of two years 
with no recurrence of pertinent symptoms. 


This case differs from the others because the time of exposure was considerably 
longer (more than 20 minutes) and the concentration of hydrogen sulfide in air 
lower (about 0.025 per cent). It also differs in the clinical picture, which shows 
initial cramps, possibly of an epileptic type, and a collapse of the circulatory system. 
There were, however, no signs of damage of the brain after the acute symptoms 
had subsided. 

The difference may possibly be explained in agreement with Haggard’s experi- 
mental observation that hydrogen sulfide in low concentrations has a stimulating 
effect and in high concentrations a paralytic effect on the central nervous system. 
In the cases with short but intense exposure hydrogen sulfide has a toxic-depressive 
effect on the central nervous system (respiration center, basal ganglions, etc.) with 
more or less permanent damage as a result. No signs of general anoxia developed 
in these cases. In the case with low but lengthy exposure, however, hydrogen 
sulfide primarily has a stimulating effect on the respiratory tract, with accompany- 
ing acapnia, apnea and asphyxia, which are decreased only after the carbon dioxide 
tension has risen again. This is repeated as long as the patient remains in the 
gas-containing atmosphere. The result will be a protracted hypoxia with peripheral 
circulatory collapse. 


Sequelae have occurred even after acute poisoning without unconsciousness. 
In 15 cases the conditions of exposure, the first acute symptoms and the after- 
course have been such that the diagnosis “sequelae after acute hydrogen sulfide 
poisoning” has seemed justified. The majority, as in the first two cases described 
below, have had a history of repeated acute intoxications; after each, neurasthenic 
troubles have occurred with increased susceptibility to gas. All have had their work 
within the area A to E (chart 1) or in the refinery. 

Four cases will be described below as examples, the first of which (case 4) 
represents the most common type. Case 5 is unique in that the patient at first 
refused to interrupt his work at the place exposed to gas and so came to serve as an 
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experimental subject. In case 6 the patient still shows remaining otoneurological 
symptoms three years after the poisoning, and case 7 exemplifies a mild form of 
poisoning with practically only otoneurological symptoms. 


Case 4.—A 30 year old, previously healthy foreman had worked in the sulfur plant for four 
years and had had moderate acute hydrogen sulfide poisoning four to five times. He had never 
been unconscious. After the last poisoning he had felt more tired and been more nervous. Night 
shifts had become increasingly burdensome, gastric symptoms had developed and his sleep was 
disturbed. When examined during a period of good health on a previous occasion, he had no 
troubles and there were no objective symptoms from internal organs or at the neurological 
examination. 

After his last intoxication, increasing troubles of a neurasthenic type developed, such as 
headache, “everything goes black” when rising, increasing nervousness, irritability, forgetfulness 
and decreased libido. He had not noticed any disturbance of equilibrium. At the time of 
examination he showed no definite signs of abnormality; he seemed tired and had a prolonged 
reaction time. The complete examination, however, revealed the following positive signs: 
a spontaneous tendency to fall to the right and a gait deviating to the right. On caloric stimula- 
tion of the left labyrinth (10 ml. of water at 12 C.) there were nystagmus to the right and a 
tendency to fall to the right, i. e., contrary to the rule; with the same stimulation of the right 
labyrinth there were intensified reactions, i. e., according to the rule. When tested with the 
tilting table the patient showed no reaction to the right but adequate reaction to the left. The 
same signs were observed on three different occasions within the next month after poisoning, 
the patient being on sick leave all the time. The positive tilting table reaction remained after 
the other symptoms, but became normal after a total rest of seven weeks. He then returned to 
his former work, free of complaints. 

Five months later he returned after a slight acute poisoning and revealed practically the 
same pathological picture. After six weeks’ rest he was again free of complaints and was 
assigned to gas-free work. Two years later he was reexamined and found to be in good health 
and said that he had had no relapse. 

Case 5.—A foreman, 36 years of age, had had meningitis without sequelae and had been 
poisoned by hydrogen sulfide four times. After his last poisoning he had not been able to 
withstand the gas to the same extent as earlier. He had been troubled by fatigue, lack of 
initiative, poor memory, irritability and decreased libido. At the end of the working day he 
had had headaches, sometimes vertigo, and difficulty in walking in darkness. 

After a comparatively slight intoxication he came to the hospital “to get some medicine.” 
His clothes still carried a strong smell of hydrogen sulfide. On examination the following 
positive symptoms were found: a spontaneous falling tendency and a gait deviating to the 
right; the tilting table examination demonstrated a pathologic reaction to the right, a normal 
reaction to the left. After rotation to the left there was neither deviation of the arms nor falling 
tendency, despite normal nystagmus. Normal reactions were found after rotation to the right. 
After caloric stimulation of the right labyrinth with water at 27 C., nystagmus was found, with 
deviation of the arms and falling tendency, as in normal cases; stimulation of the left labyrinth 
brought forth no reactions at all. There was no reaction to stimulation of the right labyrinth 
with water at 47 C., but there were normal reactions to stimulation of the left labyrinth. Thus 
one had here a disorder of the central nervous system. 

The patient refused to stop working. After six days he returned for a control examination. 
He had rested for the last 12 hours and felt fairly free of complaints. He still showed a positive 
tilting table reaction, but otherwise the otoneurological signs were normal. Eight days later 
he arrived direct from work in which he had been exposed to hydrogen sulfide gas; his troubles 
had increased, and he showed practically the same otoneurological signs as in the first examina- 
tion, but in addition he had positional nystagmus to the left. 

During the following month his complaints increased and he said that almost every evening 
after work, as soon as he had retired and turned out the light, he had been overcome by 
dizziness and nausea, and had had to vomit, feeling better after this. He was again ordered 
to stop working, and after three weeks’ rest he was free of symptoms. It should be added that 
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the Wassermann reaction of the blood was negative and that there was nothing pathological in 
the cerebrospinal fluid. Except for mild symptoms of gastritis one year after the poisoning, 
he has been free of complaints during a two year period of observation. 


The case illustrates how the otoneurological symptoms can change within a 
comparatively brief period and how they depend on the exposure. 


Case 6.—The patient had an acute poisoning half a year before; when examined soon after, 
he was free of complaints and showed no otoneurological symptoms. Recently he felt tired and 
nervous and sometimes took side-steps to the right. The examination clearly revealed a disorder 
of the central nervous system (chart 2). During a three month rest period all the symptoms 
disappeared except the positive tilting table reaction. By reason of this remaining symptom he 
was advised to leave the shale oil plant and take up other work. He had been employed else- 
where for three years when he was called for reexamination. A positive tilting table reaction 
to the right excited suspicion, as well as a vestibular reaction of approximately the same 
appearance as that observed at the previous examination. On the other hand, he had no 
spontaneous falling tendency or gait deviation. 


Thus this patient showed signs of remaining damage of the organ of equilibrium 
three years after hydrogen sulfide poisoning in spite of the fact that during this 
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Chart 2.—Otoneurological symptoms observed in case 6. 


period he had not been exposed to hydrogen sulfide and had no remaining subjective 
symptoms. 


Case 7.—A 26 year old engineer had been employed at the sulfur plant for three years, but 
only on one occasion had he experienced tangible symptoms of acute hydrogen sulfide poisoning. 
Of late he had been troubled by poor memory, lack of initiative and disturbed equilibrium ; 
although earlier he did not hesitate to climb the 100 m. chimney of the plant, now he could 
not mount even a comparatively low scaffolding without feeling giddy. He could not maintain 
his balance walking a straight line but fell to the left; in slalom skiing he did not manage the 
turns to the right, etc. The examination showed a falling tendency, a gait deviation and a 
deviation of the arms to the left. In the tilting table examination he fell to the left. On heat 
test a slight but reproducible pathological reaction was noted. He was allowed to remain away 
from work and after one month’s military service had recovered completely. 


The remaining eight cases with sequelae after acute hydrogen sulfide poisoning 
coincide on the whole with the above-mentioned cases, although the poisonings 
have been of a milder type. In these cases, too, the symptoms have arisen immedi- 
ately after, or in close connection with, an acute poisoning, and in the majority of 
cases there have been repeated previous poisonings. 
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COMMENT 
The primary symptoms of acute poisoning due to inhalation of hydrogen sulfide 
in relatively high concentrations, the subsequent signs of damage to the central 
nervous system and the gradual disappearance of symptoms after the patients have 
been removed from the surroundings containing hydrogen sulfide make the 
diagnosis “‘sequelae of acute hydrogen sulfide poisoning” probable for all these 
cases. Except for case 3, these cases showed the following characteristics : 
A history of repeated acute poisoning ; 
Symptoms of sequelae developing immediately 
or within a short period after acute poisoning ; 
With few exceptions, two types 
of symptoms, a neurasthenic type and an otoneurological type, 
the latter of central origin ; 
A period of recovery of about 1% months ; 


Considerable increase in sensitivity to gas afterward—even to pure 
gasoline vapor. 


In regard to symptoms, the neurasthenic symptoms are of the usual sort: fatigue, 
somnolence, headache, lack of initiative, irritability, anxiety and poor memory, the 
latter afflicting engineers and foremen in particular. Further, decreased libido is a 
very common symptom, which was pointed out early, by Delpech,’* in 1865 (Celui 
qui a travaillé au sulfure n'est plus un homme [one who from effect of sulfur is no 
more a man] ). 

In the majority of cases, the otoneurological investigations, which have mainly 
been made according to Radmark'* (1944) and which will be treated more 
thoroughly elsewhere (Ahlborg and Blomqvist), revealed central damages as after 
head injury, i. e., by demonstrating nystagmus, in serious cases, or other vestibular 
symptoms. These lesions were reversible in most cases, but in one case they still 
remained three years after the poisoning. 

Special attention has been devoted to the existence of psychogenic reactions 
during the examination. These showed up most clearly on the tilting table, and in a 
few cases the tilting test could not be performed lege artis owing to their existence. 
They usually first appeared after the patient had been on the sick list for some time, 
which made one think of a Renten neurose (revenue neurosis). The cause of 
their development, however, rather seems to be the fear of having to go back to 
work where there is risk of being exposed to gas. Generally, the fear of gas is so 
dominating after an acute poisoning that it has even caused difficulty in treating 
with oxygen. The psychogenic reactions are therefore most easily avoided if the 
patient is told from the first that he will not be permitted to work where he will 
be exposed to gas again. 

The average duration of the disease was 1% months. The symptoms 
of disturbed equilibrium and the headache disappeared first; the signs of fatigue, 
irritability and decreased libido remained longest. 


Therapy.—In cases of acute poisoning with interrupted respiration, artificial 
respiration is of course indicated, as the heart continues beating several minutes 


17. Delpech, A.: Ann. hyg. pub. et de méd. leg. 19:65, 1863. 
18. Radmark, K.: Acta oto-laryng. 1944, supp. no. 52. 
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after breathing has stopped. Oxygen with about 5 per cent of carbon dioxide 
inhaled during a period of 15 to 20 minutes has been valuable in all cases of 
hydrogen sulfide poisoning and has also given rapid subjective relief. Owing to the 
risk of complications on acute poisoning with unconsciousness, such as pulmonary 
edema and circulatory disturbances, hospital treatment is indicated. Hospital 
equipment is also necessary for studying sequelae. 

In cases in which there are sequelae, the patients should be sent to convalescent 
homes, or at least kept away from their families, and must avoid all work that can 
cause optokinetic nystagmus during the time they show otoneurological symptoms. 
Sedatives are to be given to anxious patients; caffeine, to patients with headache, 
fatigue, etc., even during the first days of work. Prolonged sick leave should of 
course be avoided in cases of neurasthenic troubles, and the patients should gen- 
erally be given easy work as soon as the otoneurological symptoms have disappeared, 
the work being gradually increased. Attention must be paid to their increased 
susceptibility to gases of all. kinds. 

Aspects Related to Insurance.—In order to facilitate subsequent diagnosis, and 
for a possible later report to an insurance institution, workers who have incurred a 
mild form of intoxication should report the fact to the safety engineer. The 
diagnosis sequelae post intoxicationem acutam e H,S should be based on proved 
exposure and a history of acute intoxication followed by neurasthenic and oto- 
neurological symptoms. Other diseases (syphilis, encephalitis, hypertonia, etc.) 
should be excluded, as well as carbon monoxide poisoning. If otoneurological 
symptoms are lacking and if the occurrence of the acute poisoning depicted in the 
anamnesis is doubtful, a psychiatric examination should also be made. 


It is important that workers with a previous history of nerve or psychic diseases 
be prevented, by preemployment examination, from doing work involving risk of 
hydrogen sulfide exposure. 


SusBacuTte INTOXICATION 

Subacute intoxications are due to hydrogen sulfide irritation of the mucous 
membrane, and they have been fairly common among the workers at the sulfur 
and the Ljungstrom plant. Most of them have occurred in the following manner : 
A thin jet of gas has suddenly shot out against the face of the man working with 
pipes or pumps. Automatically he has held his breath and gone to get his gas 
mask. The exposure, therefore, has been extremely intense but brief. Within 
12 to 24 hours keratoconjunctivitis has developed, with pain, itching, photophobia 
and other eye disturbances. The symptoms of pharyngitis and bronchitis, however, 
have been slight. 

The most important cause of this keratoconjunctivitis, which sometimes is 
violent, is, no doubt, secondary infection. By just pointing out to the workers the 
} importance of not rubbing the eyes after exposure but only rinsing them with 

boric acid solution, the number of sick leaves at the shale oil plant due to subacute 
poisonings was reduced from 243 in 1945 to 73 in 1946 and 75 in 1947. 

It is possible that the low frequency of eye injuries in acute intoxications is due 
to the fact that the patients, because of unconsciousness or reduced general reac- 
tion, do not infect the conjunctivas secondarily with their hands. 
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Otherwise the symptomatology of subacute intoxications occurring at the shale 
oil plant does not differ from that described by Larsen '* (1944) and will not be 
dealt with more closely here. The period of healing has been four days on the 
average; only in one case has a malignant keratitis complicated the disease, and it 
occurred without permanently impairing the visual acuity. 

The therapy is primarily intended to prevent secondary infection, as mentioned 
above. If the photophobia and the pain are intense, a drop of tetracaine hydro- 
chloride U. S. P. (pontocaine® hydrochloride) solution is instilled, followed by an 
antiseptic ointment and a loose bandage. If no complications arise, the patient 
usually is free of subjective troubles after twelve hours of this treatment. 

Persons with chronic inflammation of the eyes should not be employed in work 


exposed to hydrogen sulfide. Repeated subacute poisonings do not cause chronic 
eye troubles, however. 


So-CALLED CHRonic HyproGeN SuLFive POoIsoninG 
This state of disease would mean a lingering poisoning, conditioned by the action 
over a long period, or repeatedly, of concentrations which in themselves would 
not occasion symptoms of acute or subacute poisoning. The symptoms would 
probably be like those of the residual conditions found after acute poisoning, and 
therefore one expects to find mainly neurasthenic or otoneurological symptoms. 

Five cases have occurred in which there has been reason to take the diagnosis 
of chronic hydrogen sulfide poisoning into consideration. All the patients com- 
plained of serious neurasthenic troubles; conditions for exposure existed but 
these patients had experienced no symptoms of acute or subacute poisoning. They 
recovered after about a month’s rest from work. It is to be noted, however, that 
three of them had earlier presented nerve diseases of other origin without signs of 
sequelae, and it is possible that symptoms had developed only through the psychic 
strain of working at a place where there was risk of poisoning. It is also worthy 
of mention that all these three patients have shown psychogenic reactions during 
the examinations. Only in one case were otoneurological symptoms observed, and 
they could be explained as from the patient’s previous nerve disease. 

With the comparatively high frequency of acute and subacute poisonings within 
the shale oil industry one would rather have expected to find a high frequency also 
of so-called chronic poisonings. Their low frequency and the existence of earlier 
nerve diseases among the few cases contribute to one’s reluctance to cite these cases 
as proof of the occurrence of chronic hydrogen sulfide poisoning. 

Investigation—In order to attempt a more detailed study of the question 
whether chronic hydrogen sulfide poisoning exists, we have tried to compare two 
groups of workers—more and less exposed—anamnestically and clinically. Group 
1 consists of workers from divisions 4 to E (chart 1) who are, with considerable 
certainty, exposed to hydrogen sulfide in their daily work, often in concentrations 
exceeding 0.002 per cent. The men in group 2 work in the transport division, the 
shale quarry, the crushing house and the silos and are generally not exposed. It is 
probable, however, that occasionally this group, too, is exposed to hydrogen sulfide, 
for example when transporting to exposed divisions with the wind blowing in the 
direction from the sulfur plant to the shale quarry. 
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Practically all the men examined are three-shift workers. Those in group 2 
have considerably heavier work than those in group 1 and, moreover, are exposed 
to dust, which is of importance in evaluating the frequency of eye troubles. The 
groups are comparable as to age and length of employment. 

At the time of examination the workers have been asked if they have had 
diseases connected with work in the industry, and if any of them have, they have been 
encouraged to describe them. There has not, however, been any direct questioning 
which inight have suggested the answers. The subsequent examination has com- 
prised a regular routine physical examination, a blood count, a determination of the 
erythrocyte sedimentation rate, urinary albumin and dextrose tests, mass roentgeno- 


Y// 44 Group | (459) Group 2 (384) 


From conjunctivas 


From the respiratory tract 


From the gastrointestinal 
tract 


Chart 3.—The frequency of subjective symptoms among the workers who had no objective 
symptoms, charted according to locale. 


graphy of the chest and nerve examinations involving the common reflexes, Rom- 
berg’s sign, gait and arm deviation, and visual acuity. In cases of dizziness an 
additional otoneurological examination was made. In doubtful cases the patient 
was also subjected to a simple examination designed to reveal the psychic state. 

Results—The frequency of nonoccupational diseases among the men examined 
was much the same in both groups. The number of accidents was slightly greater 
in group 2, 19 per annum per 100 workers, compared with 16 in group 1. The 
figures do not differ from corresponding figures for other similar industries, and 
there are no criteria for the assertion that hydrogen sulfide exposure increases the 
frequency of nonoccupational diseases or accidents. 
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After elimination of men with nonoccupational diseases that might affect the 
result, there remain 459 men in group 1 and 384 in group 2 for the examination in 
question. With the exception of a slight irritation of the mucous membranes, 
these men showed no objective symptoms at the examination described above. 
The reported subjective troubles, on the other hand, were so numerous that a more 
detailed analysis has seemed desirable. 


Group (459) Group 2 (38%) 


20 
Per cent 4 


Fatigue 


Loss of appetite 


Itching 


Chart 4.—The frequency of subjective symptoms among the workers who had no objective 
symptoms, charted according to type. 


One must apply the greatest caution in evaluating these subjective troubles. 
But as far as is known, there has been no “mass psychosis” in the material studied ; 
the anamnesis has been recorded by the same person ; housing, wage, insurance and 
other social factors have been approximately the same for all as far as could be 
ascertained. Despite this, it has not been deemed possible to draw conclusions from 
absolute frequency figures. Conclusions have been based exclusively on a com- 
parison between the conditions within the more exposed group 1 and the less 
exposed group 2. 


| 
‘Sa 
Headache 
WSS 
Irritability 
ii 
Poor memory 
NC iz 
> 


264 INDUSTRIAL HYGIENE AND OCCUPATIONAL MEDICINE 


In group 1 were 28 per cent who reported themselves absolutely free from 
complaints ; in group 2, on the other hand, there were 56 per cent. The frequencies 
of the most common subjective symptoms are listed in charts 3 and 4. In the 
former are included symptoms which a priori can be taken as results of the kind of 
work. Complaints concerning the mucous membranes of the eyes and the respir- 
atory tract—probably caused by gas in group 1 and by dust in group 2—are slightly 
more frequent in the former, while those concerning the back, sleep and the 
stomach are approximately on the same level in both groups. 

The so-called neurasthenic troubles (chart 4) show a higher frequency in group 
1 throughout. The dominating symptom is fatigue, and practically all men who 


TABLE 3.—Age and the Symptom of Fatigue (Divisions Arranged by Degree of Exposure) 


Men Who Complained 
of Fatigue 


Men 
Division Year of Birth Examined Number Per Cent 
Sulf lant Before 1911 61 
Benita 1911 and later 41 } 49 
Ljungstrém plant Before 1911 
1911 and later 
I. M. and Rockesholm furnace Before 1911 
1911 and later 
Before 1911 
1911 and later 


Totals for group 1 Before 1911 
1911 and later 


Transport Before 1911 
1911 and later 
2 


s 35 


Crushing house and silos Before 1911 
1911 and later 
Steam plant Before 1911 


1911 and later 
Shale quarry Before 1911 
1911 and later 


Totals for group 2 Before 1911 
1911 and later 


FEl Esse eR 


have reported other symptoms of importance for this study have also reported 
fatigue. 

Several studies of the etiological factors of fatigue have been published in the 
literature, but there are few data about the “normal” frequency of the symptom. 
Frazer *° (1947) made a detailed study of the frequency of neurosis among British 
factory workers during the war; of 750 workers without physical illness, 35 per 
cent mentioned fatigue. If those with a neurotic illness (anxiety, depressive and 
obsessional states, hysteria and psychosis) are eliminated, the frequency is 22 per 
cent. These figures are probably too high for peacetime conditions, but they 
should give an approximate idea of the limits within which the “normal” fatigue 
frequency is to be found. 

Tables 3 and 4 show the frequency of the fatigue symptom within the various 
divisions with regard to age and length of employment. Group 1, as stated above, 
is considerably more exposed than group 2. The age (table 3) does not seem to 


19. Frazer, R.: Medical Research Council, Industrial Health Research Board Report no. 90, 
London, His Majesty’s Stationery Office, 1947. 
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have any significance for the occurrence of fatigue. The length of employment, on 
the other hand, seems to be of some importance (table 4), the frequency of fatigue 
increasing with the number of years in the industry in both group 1 and group 2. 
(The results in tables 3 and 4 are the same if the material is grouped in periods of 
10 years and one year, respectively). Thus one observes that frequency of fatigue 
increases with length of employment and degree of exposure. 

On the basis of these observations one cannot at present exclude the possibility 
that exposure to hydrogen sulfide—alone or with other gases—is the cause of the 
increased frequency of neurasthenic troubles among workers in group 1 and among 
workers who have been employed in the shale oil plant over a long period. It 
cannot, of course, be determined with any certainty whether the increased frequency 


Taste 4.—Length of Employment and the Symptom of Fatigue (Divisions Arranged 
by Degree of Exposure) 


Number Who Complained 


Length of of Fatigue 
Employment, Men 

Group Division Years Examined Number Per Cent 
>2 44 31 70 } 49 

<2 it 17 31 
Ljungstrém 47 56 } 

1 <2 33 16 48 
I. M. and Rockesholm furnace......... +s 70 40 57 } 47 

<2 65 24 37 
80 46 57 } 47 

<2 29 6 2 
Totals for group 1............06+++ >2 278 164 59 50 

<2 181 63 35 
>2 38 19 50 49 

<2 29 9 31 
Crushing house and silos............... >2 MM 36 43 \ 31 

2 <2 20 21 
>2 21 7 33 } 6 

<2 2 14 
>2 61 20 39 29 

<2 53 10 19 

<2 190 41 22 } 


of these troubles is connected with a direct toxic damage to the central nervous 
system—i. e., whether it is an expression of chronic poisoning—or is connected 
with the psychic strain of working at a place where there is risk of poisoning. 
From the point of view of industrial hygiene, however, this is of small importance, 
for in any case the possibility of being exposed to gas must be eliminated. 

Among the other results of the investigation the blood count has the greatest 
interest in this connection. The hemoglobin content was normal, the red and white 
cell counts gave normal values, and there was no difference between the two groups 
or between workers with a shorter and workers with a longer time of employment. 
No difference was observed between workers in the refinery, where there is a 
certain, but probably insignificant, exposure to benzene, and other workers. The 
average number of white cells per cubic millimeter of blood in workers in the 
shale quarry, the silos and the crushing house was 6,100 + 120, while among the 
remaining workers it was 6,600 + 80. The difference, 500 + 145, is significant, 
but both values are within the normal limits. 
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SUMMARY 


In the Swedish shale oil industry there has been considerable exposure to 
hydrogen sulfide, owing to the high concentration of sulfur in the shale layers. 
Other gases have played only minor or inconsiderable parts as intoxicating agents. 

The frequency of acute and subacute hydrogen sulfide poisonings within the 
shale oil industry has been high. The former have manifested themselves in sud- 
den but transient unconsciousness, sometimes accompanied by sequelae with neur- 
asthenic symptoms and disturbance of equilibrium. In one worker with lengthy 
but moderate exposure there were cramps and circulatory collapse; in another, 
transient disturbance of the basal ganglions. Six cases of sequelae of acute hydro- 
gen sulfide poisoning have been described in detail. ; 

No patient has shown signs of pulmonary edema. There has been no death. 

The subacute poisonings have been characterized by intense keratoconjunctivitis 
which, with proper treatment, healed after approximately four days. Other symp- 
toms of involvement of mucous membrane have been insignificant, and no permanent 
injury of the eyes has occurred. 

Positive proof of the existence of so-called chronic hydrogen sulfide poisoning 
is lacking, but examination of a great number of workers within the industry 
has shown that the frequency of neurasthenic troubles increases with the degree of 
hydrogen sulfide exposure and the length of employment. 
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TREATMENT OF LEAD POISONING WITH SODIUM CITRATE 


Report of Four Cases 


HARRIET L. HARDY, M.D. 
BOSTON 


RONALD C. BISHOP, M.D. 
ROXBURY, MASS. 
AND 
CLARENCE C. MALOOF, M.D. 
BOSTON 


HE PROPER management of lead poisoning continues to be debated. The 

long-standing question of whether or not the patient should be “de-leaded” is 
not satisfactorily settled. It is generally conceded that the “de-leading” should not 
be done in any case until after the manifestations of acute plumbism have passed. 
The effects of the various forms of therapy remain under discussion, except for 
the certain benefit of calcium in relieving symptoms of acute lead poisoning. 
Whether various drugs cause lead storage or increased excretion of the lead is 
still being debated. 

Aub, Fairhall, Minot and Reznikoff,' in 1926, reported a slight increase in lead 
excretion when sodium citrate was administered. The increase was not nearly as 
great as that produced by the use of ammonium chloride and similar medications, 
which resulted in a reduction of serum py. They attributed the increased lead excre- 
tion produced by sodium bicarbonate and by sodium citrate to the alkalinizing effect 
of these salts and to the fact that the solubility of tri-lead phosphate is increased 
in both alkaline and acid mediums. 

Kety and Letonoff * have been vigorous in advocating the use of sodium citrate 
in the treatment of plumbism. They have recommended that 4.0 to 5.0 Gm. of 
sodium citrate be administered four times daily; in severe cases, they advise that 
50 ce. of a 2.5 per cent solution of sodium citrate be injected. intravenously. Their 
rationale for this treatment was based on the concept that lead formed a more 
soluble, diffusible complex with the citrate ion. Thus more lead was made available 
for renal excretion and in a less toxic form. They also postulated that the citrate 


Dr. Bishop is resident in medicine, United States Veterans Hospital, West Roxbury, Mass. 
Dr. Maloof is physician of the Division of Occupational Hygiene, Massachusetts Depart- 
ment of Labor and Industries. 

Dr. Hardy is director of the Occupational Medical Clinic, Massachusetts General Hospital, 
and consultant to the Division of Occupational Hygiene, Massachusetts Department of Labor 
and Industries, Boston. 

1. Aub, J. C.; Fairhall, L. T.; Minot, A. S., and Reznikoff, P.; Lead Poisoning, with a 
Chapter on the Prevalence of Industrial Lead Poisoning in the United States by Alice 
Hamilton, Medicine Monographs, Baltimore, Williams & Wilkins Company, 1926, vol. 7, 265 pp. 

2. Kety, S. S., and Letonoff, T. V.: Treatment of Lead Poisoning by Sodium Citrate, 
Am. J. M. Sc. 205:406-414, 1943. 


267 


ae 
j 
| 
4 
; 
| 
a 
4) 
= 
' 


268 INDUSTRIAL HYGIENE AND OCCUPATIONAL MEDICINE 


might be metabolized by the liver, leaving the lead residue to be excreted in the 
bile and thus in the feces. They demonstrated a rather sharp decline in the blood 
lead levels with this treatment in a series of 15 cases. In another publication, 
Kety and Letonoff * showed that in a series of patients treated with sodium citrate 
there was a rise in lead excretion when the total of the urinary and the fecal lead 
was considered. The most marked rise was in the fecal lead. The longest period 
during which the lead excretion was followed in these cases was 11 days. 

Smith,* in his discussion of the treatment of lead poisoning, listed sodium citrate 
as a storage agent, but said that it had only a transitory effect in the one case 
reported. 

With the above considerations in mind, we thought that it would be worth 
while to report our experience in treating four patients for lead poisoning with 
sodium citrate as the main component of therapy. 


REPORT OF CASES 


Case 1.—J. S., a 24 year old battery factory employee, was admitted to the West Roxbury 
Veterans Administration Hospital on Oct. 17, 1949 because of abdominal pain of two days’ 
duration. During the three years previous to admission he had been working in the battery 


Taste 1.—Urinary Lead Concentrations—Case 1, Patient J. S. 


Mg. Lead per Meg. Lead per Liter of Urine 
Date Liter of Urine Adjusted to Sp. Gr, 1.024 


* On this date the patient was hospitalized. 


factory as a caster and paster of the battery plates. On this job, he came in contact with molten 
lead and with lead oxide paste. Over the two years previous to admission he had short bouts 
of “stomach ache” occurring two times weekly to once monthly and lasting two hours at the 
most. Two days before admission he had the onset of a dull ache low in the anterior part of 
the chest. The pain shifted to the abdomen and changed in character to a sharp colicky pain 
recurring every five to 15 minutes. On the day before admission he had the onset of vomiting 
without diarrhea and vomited frequently from that time to the time of admission. 

Urinary lead concentrations had been determined during his period of service at the battery 
factory. These are shown in table 1. 

Physical examination revealed a rather thin but adequately nourished white man in acute 
distress with severe abdominal pain. His temperature was 97.4 F.; pulse rate, 56; blood 
pressure, 118/70. There was no scleral icterus. The teeth were in fair repair, and there was no 
lead line. Heart and lungs were normal. The abdomen was diffusely tender, without spasm. 
The tenderness was maximum in the right lower quadrant of the abdomen. There was question- 
able rebound tenderness directed toward the left upper quadrant of the abdomen. Liver, kidneys 
and spleen were not felt. Peristaltic sounds were decreased in frequency. There was no muscle 
weakness, and there were no peripheral sensory changes. The abdominal reflexes were decreased. 
: Laboratory Data.—The white blood cell count was 9,400, with polymorphonuclear granulo- 
cytes 71 per cent. Hemoglobin amounted to 10.5 Gm. per 100 cc. Red blood cells showed 


3. Kety, S. S., and Letonoff, T. V.: Treatment of Lead Poisoning with Sodium Citrate, 
Proc. Soc. Exper. Biol. & Med. 46:476-477, 1941. 

4. Smith, F. L.: Effect gf Therapeutic Agents in the Treatment of Lead Poisoning, 
Pennsylvania Department of Labor and Industry, Harrisburg, Pa., June 1941, 17 pp. 


wo 
7 
: 
| 
¥ | 
| 
4 
‘ 
“4 
4 
44 
4 
a 


HARDY ET AL—TREATMENT OF LEAD POISONING-SODIUM CITRATE 269 


basophilic stippling (stippled cell count, 0.5 per cent). The urine had a specific gravity of 1.028, 
albumin (1+), no sugar, and 20 to 25 white blood cells per high power field. Chemical 
examination of the blood showed serum bilirubin, 0.2 mg. per 100 cc.; blood nonprotein nitrogen, 
31 mg. per 11 cc.; serum chlorides, 100 mEq./L. Phenolsulfonphthalein excretion (6 mg. given 
intravenously) was 70 per cent in two hours. Renal lead excretion during the first 24 hours in 
the hospital was 0.48 mg. per liter of urine.5 

Course in the Hospital—During the first two hospital days the patient was given fluids 
intravenously to supplement his oral intake and was given meperidine hydrochloride U. S. P. 
(demerol® hydrochloride) for analgesia. He required 50 mg. of meperidine hydrochloride 
every three or four hours for relief of pain during this time. Low calcium food and fluids were 
given as tolerated. He was also given phenobarbital sodium U. S. P. and atropine sulfate sub- 
cutaneously. On the second hospital day, sodium citrate therapy was instituted, with a dosage 
of 1.0 Gm. four times daily. He was maintained on a low calcium diet. At this time there was 
a sharp decrease in his requirement of analgesic medication. His hospitalization from this time 
was uneventful. He was given sodium citrate, 1.9 Gm. four times daily, for one week. During 
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TIME - DAYS 
Chart 1 (case 1, patient J. S.)—The solid line represents urinary lead; the broken line, 


urinary coproporphyrin. The striped blocks represent oral sodium citrate therapy with a low 
calcium diet and are explained in the text. 


this time there was a sharp fall in urinary lead. In a four day period, during which sodium 
citrate was omitted, the lead excretion rose to a peak of 0.54 mg. per liter of urine. Sodium 
citrate therapy was reinstituted at 4.0 Gm. four times daily, and again the lead excretion dropped 
off precipitously. As therapy was continued, the lead excretion gradually rose to 0.34 mg. per 
liter of urine. From that time the lead excretion except for one instance remained high for a 
period of approximately 30 days and then fell gradually over a period of about 10 weeks until, 
on Feb. 13, 1950, the lead excretion was 0.11 mg. per liter of urine. The citrate was given in 
the higher dosage for a total of 31 days. 


The patient was given no antianemic therapy. His hemoglobin remained low, but as the 
lead excretion began to fall, the hemoglobin began to approach normal levels. 


5. Since the urine specimens collected were spot samples, all values were adjusted to a 
mean specific gravity of 1.024 (Levine, L., and Fahy, J. P.: Evaluation of Urinary Lead 
Determinations: I. The Significance of the Specific Gravity, J. Indust. Hyg. & Toxicol. 27:217- 
223, 1945). : 
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There was a slight rise in carbon dioxide-combining power from 55.1 to 63 volumes per 
cent as sodium citrate therapy was reinstituted. This returned to 56 volumes per cent three 
days later. 

The urinary lead and urinary coproporphyrin levels and their relation to therapy are shown 
graphically in chart 1. 

Case 2.—C. A., a 22 year old battery plant employee, was admitted to the West Roxbury i 
Veterans Administration Hospital on Oct. 18, 1949 because of muscular aches and pains of six 
days’ duration and abdominal cramps of five days’ duration. The patient had been working in 
the battery factory for three months. His work consisted of handling the lead plates after they 
were removed from a furnace and packing them together. Several weeks before admission he j 
noted the onset of anorexia. Six days before admission he noted the onset of aches and pains 
in his arms and back, and later he noted pains in his legs and thighs. Five days before admission 
he had the onset of cramps in his abdomen. These were located in the region of the umbilicus. 
They increased in severity until they were disabling. The company physician made a diagnosis 
of lead poisoning, and he was referred to the hospital for therapy. 
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TIME - DAYS 


50 


Chart 2 (case 2, patient C. A.).—The solid line represents urinary lead; the broken line, 
urinary coproporphyrin. The striped blocks represent oral sodium citrate therapy with a 
low calcium diet; the cross-hatched block, sodium bicarbonate with a low calcium diet. 
Further explanation is given in the text. 


Physical examination revealed a young adult white man who was in no distress at the time 
of admission but soon thereafter was having severe abdominal cramps. He was slightly pale \ 
and yellow in appearance. His temperature was 98 F.; pulse rate, 72; blood pressure, 140/70. 
The teeth were in fair condition, and there was no lead line. There was an occasional high- 
pitched rhonchus over the left lung posteriorly. There was a grade 3 systolic murmur over 
the precordium with a split pulmonic second sound. The abdomen showed moderate generalized 
voluntary rigidity without localized tenderness. Liver, kidneys and spleen were not felt. There 
was perhaps slight weakness of dorsiflexion of both wrists, but there were no other neurological 
signs. 

Laboratory Data.—The white blood cell count was 9,800, with polymorphonuclear granulo- 
cytes 68 per cent. Hemoglobin amounted to 8.5 Gm. per 100 cc. The red blood cells showed 
basophilic stippling (stippled cell count, 1.8 per cent). The urine had a specific gravity of 
1.015, no albumin or sugar, 4 to 6 white blood cells per high power field, and a lead content of 
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0.46 mg.5> Serum bilirubin totaled 2.2 mg. per 100 cc. An osmotic fragility test showed 
hemolysis to begin at 0.48 per cent sodium chloride and to be complete at 0.32 per cent. This 
is interpreted as normal. 

Roentgen examination of the chest showed no evidence of an active pulmonary change. 

The urinary lead and urinary coproporphyrin levels and their relation to the therapeutic 
program are shown graphically in chart 2. 

Course in the Hospital—Soon after admission the patient was in acute distress. He was given 
meperidine hydrochloride U. S. P., 100 mg. subcutaneously, as needed for pain. He was also 
given atropine sulfate, 0.4 mg. subcutaneously every six hours, and his fluid intake was sup- 
plemented with intravenous dextrose and saline solution. Moderate amounts of barbiturates 
were given for sedation. Sodium citrate was started in a dosage of 1.0 Gm. four times daily 
on the second hospital day. He was given a low calcium diet as tolerated. The patient remained 


Tas_E 2.—Laboratory Data—Case 3, Patient S. O. 


Chemistry 


7/2/49 Cephalin-cholesterol flocculation test...............eeeeeeeeee 24 hr. neg. 48 hr. neg. 
70% 
Van den Bergh test for bilirubin in serum.................+. 0.4/1.5 mg. per 100 ee. 
Nonprotein nitrogen (blood) .. 2 mg. per 100 ee. 
Caleium (serum) .........seesee- 9.2 mg. per 100 ce. 
Phosphorus (serum) .............- 2.8 mg. per 100 ec., checked 
Phosphatase (serum or plasma) 2.6 Bodansky units 

Chlorides (as chloride ion, plasma or serum).............++ 98 mEq./L. 
Carbon dioxide content (venous)..............0.eceeeeeeeeee 29.3 mEq./L. 


Color: Clear yellow Reaction: 6.5 Specific gravity: 1.010 Albumin: 0 
Sugar: 0 Bile: 0 


Blood 
7/1/49 RBC: 3.69 million WBC: 8,250 Hgb: 8.5 Gm. Polymorphonuclears: 69% 
Large lymphocytes, small lymphocytes; 22% Monocytes: 6% Basophils: 2% 


Platelets: adequate 2 
Stained specimen: 2 nucleated red cells seen per 100 WBCs; moderate polyehromato- 
philia; no basophilic stippling seen; reticulocytes, 5.6% 


Hematocrit: 28% Mean corpuscular hgb. content = 23 aug 
Supernatant serum: icterie ++ Mean corpuscular hgb. concentration = 30.4% 
Mean corpuscular volume = 75.9 ¢.u Color index: 0.76 

7/6/49 Corpusele count: 10,000 Heb: 9 Gm. Basophilie stippling 


7/25/49 Hegb.: 10 Gm. 


uncomfortable with abdominal pain and vomiting and required meperidine hydrochloride for 
pain even on the fifth hospital day. He was free of symptoms on the sixth hospital day and 
remained so for the rest of the period of observation. 

During the period of observation he was given a low calcium diet for seven days, then a 
regular diet for seven days, then a low calcium diet for 19 days. After he had received sodium 
citrate, 4.0 Gm. per day for seven days, therapy was omitted for seven days. Then he was 
given sodium bicarbonate, 4.0 Gm. four times daily, for nine days. It is difficult to relate the 
changes in his lead excretion to the therapeutic program. Within two months the lead excretion 
came to within normal limits, and on Feb. 18, 1950 the urinary lead was 0.07 mg. per liter. 
Also, during this time the hemoglobin rose to 13 Gm. 


Case 3.—S. O. was a 25 year old white man who during the four months prior to admission 
worked as a grinder in an automobile assembly plant where lead solder is used to finish seams. 
Because of an increase in production, the patient was working with a rotary disk of greatly 
increased speed. This resulted in nine consecutive hours of steady inhalation of lead dust. Prior 
to this man’s illness no protective equipment had been supplied, but subsequently the work was 
enclosed in a booth and outside air provided to the men, who were required to wear respirators 
constantly. 


pM 
3 
ia 
Pee 
j 
’ 


272 INDUSTRIAL HYGIENE AND OCCUPATIONAL MEDICINE 


S. O. was admitted to the hospital for care because of jaundice and abdominal pain of one 
week’s duration, headache and dizziness occurring intermittently for three weeks, and easy 
fatigue, weakness, irritability and disturbance of bowel habits during the previous two months. 
At the onset of his symptoms the patient thought the speed-up in his work was responsible. He 
did not seek medical help until his fellow workers told him he looked yellow. 

His medical history was without incident, and previous occupations exposed him to no 
known toxic materials. 

Physical examination on admission revealed pronounced jaundice, especially intense in the 
scleras and on the abdomen. The patient was obviously uncomfortable but not acutely ill. 
There was a lead line about the inner margin of the bicuspids. There was an obvious tremor 
of the tongue. Otherwise there were no unusual findings. 

The laboratory data collected are listed in table 2. 

Sternal marrow showed a myeloid-erythroid ratio of 1:1 with abundant normoblasts and 
basophilic stippling of marrow cells, indicating a nonspecific marrow response to the destruction 
of red cells caused by lead intoxication. Special fragility studies done on this patient’s blood 
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20 25 30 35 40 45 50 
TIME - DAYS 
Chart 3 (case 3, patient S. O.).—The solid line represents urinary lead; the broken line, 


urinary coproporphyrin. The striped blocks represent oral sodium citrate therapy with a 
low calcium diet and are explained in the text. 


by Dr. J. W. Harris, of the Thorndike Memorial Laboratory, revealed normal mechanical 
fragility. Further study by Dr. Harris showed the Coombs ®@ test to be negative; titer of cold 
agglutinins, 1:8; the indexes, slightly hypochromic. Tests of the patient’s blood in salt solution 
done at the Massachusetts General Hospital showed the red blood cells to be of normal osmotic 
fragility at the time tested. 

Roentgen study demonstrated no lung changes and no enlargement of liver or spleen. 

The patient was given sodium citrate by mouth in doses of 5 Gm. four times a day and a 
low calcium diet. His subjective response was remarkable, and chart 3 indicates the renal 
excretion of lead and coproporphyrin which accompanied this program. After this therapy had 
been carried on for a week, it was omitted, and 24 hours later the patient complained of the 
headache and abdominal pain which he had reported on admission. It is apparent that during 


5a. Coombs, R. R. A.; Mourant, A. E., and Race, R. R.: In-Vivo Isosensitisation of 
Red Cells in Babies with Haemolytic Disease, Lancet 1:264-266 (Feb. 23) 1946. Diamond, 
L. K., and Allen, F. H., Jr.: Medical Progress: Rh and Other Blood Groups, New England 
J. Med. 241:867-873 (Dec. 1) and 907-914 (Dec. 8) 1949. 
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this control period more lead and less coproporphyrin were excreted. After the relationship 
between the intake of sodium citrate with a low calcium diet and the levels of urinary lead and 
coproporphyrin with accompanying abdominal pain and headache had been demonstrated, the 
patient was discharged on citrate therapy. The jaundice and the lead line gradually disappeared. 
It was necessary to administer ferrous sulfate in doses of 0.26 Gm. three times a day to restore 
the hemoglobin to an adequate level. The patient returned to work not involving lead exposure 
and has remained entirely well. The gradual loss of lead from the body by excretion is indicated 
in the chart of urinary lead levels (chart 3). In this case, whatever the mechanism, the 
administration of soduim citrate accompanying a low calcium intake appeared to be of real 
merit. 

Case 4.—C. S., a 45 year old white man of Polish descent, worked as a pyrometer man in 
a steel plant for the eight years prior to his hospitalization. As part of his job, he supervised 
baths of molten lead through which steel wire passed for annealing. From the amount of lead 
in the air (ranging from 0.3 to 2.3 mg. of lead per 10 cubic meters) and the amount of lead in 
the urine of C. S. and his fellow workers (0.12 to 0.38 mg. of lead per liter) it is certain that 


Tas_e 3.—Laboratory Data—Case 4, Patient C. S. 


Urine 


7/26/49 Color: Clear yellow Reaction: 6.0 Specific gravity: 1.015 Albumin: 0 
Sugar: 0 Bile: 0 Rare WBC No casts, no RBC 
7/27/49 0.17 mg. lead per liter 0.40 mg. lead per liter adjusted to sp. gr. 1.024 
Blood 
7/25/49 + RBC: 3.27 million WBC: 11,200 Heb: 10.5 Gm. Polymorphonuclears: 75% 
Large lymphocytes: 3% Small lymphocytes: 20% Monocytes: 0 
Eosinophils: 0% Basophils: 2% Platelets: adequate 
RBC hypochromic, anisocytic; 3.7% with basophilic stippling; rare normoblast 
Chemistry 
7/26/49 9.2 mg. per 100 ee. 
3.5 mg. per 100 ee. 
Alkaline phosphatase (serum)..............cceeceeceeeeeceees 4.3 Bodansky units per 100 ce. 
7.7 Gm. per 100 ee. 
Nonprotein mitrogem 39 mg. per 100 ce. 


7/29/49 Chlorides (as chloride ion, serum or plasma)............... 106 mEq./L. 


this patient absorbed lead during this job exposure. Of the group studied, 15 men doing 
comparable work, C. S. was the only one who developed symptoms. 

His past medical history revealed childhood scarlet fever without known sequelae. In 1944 
(five years before admission) C. S. was treated for brucellosis with several courses of sulfa- 
diazine. He had drunk milk drawn from one of his own cows that had aborted. He complained 
of fever of one month’s duration, numbness in the head, generalized bone and joint pain. His 
Brucella agglutination titer was 1: 135. After two months he was apparently well. 

Two years before admission C. S. began to suffer from pain in the lower right quadrant 
of the abdomen, extending into the groin. One physician suspected appendicitis, but appen- 
dectomy was not performed. The patient was admitted to another hospital after a period of 
increasing abdominal pain, colicky in character, and vomiting. A diagnosis of lead poisoning 
was made, and the patient responded well to calcium administered by vein and by mouth. 
However, he continued to complain of weakness of muscles and did not return to work. 
Because his abdominal pain returned, plus headache, as well as persistent weakness, he returned 
10 months later to this same hospital for eight days, during which he was treated with 
dimercaprol injection U. S. P. (BAL in oil; 2,3-dimercaptopropanol in oil), with considerable 
symptomatic relief. When he returned home, he felt improved but did not go back to work at 
the steel mill. 

His family physician gave C. S. calcium by vein and by mouth for four months after he 
left the hospital. After an interval of reasonably good health, the patient again complained of 
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headache, weakness and abdominal cramps. Since calcium in large doses (up to 60 to 90 grains 
[4 to 6 Gm.] daily orally plus 10 cc. of 10 per cent calcium gluconate intravenously three times 
a week) failed to relieve his symptoms, he was admitted to the Massachusetts General Hospital 
for medical management. 

Physical examination on admission revealed a husky male complaining bitterly of headache 
and abdominal pain. Except for tenderness on palpation of the abdomen and posterior neck 
muscles, there were no abnormal physical findings. Careful neurological examination brought 
out no palsy. The patient walked awkwardly and insisted he could not lift heavy objects or 
perform simple jobs, such as hammering a nail. These complaints were hard to evaluate, since 
C. S. had been sick for two years and had many hostile reactions to the failure of treatment 
to effect complete cure. He was receiving compensation, which undoubtedly complicated the 
evaluation of subjective complaints. Of great interest was the discovery that the patient’s 
drinking water supply on his farm contained amounts of lead above the permissible level (0.36 
p.p.m.; safe level considered to be 0.10 p.p.m.). Further, his two sons were excretiig 0.28 and 
0.13 mg. of lead per liter of urine, indicating considerable intake above the level considered 
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Chart 4 (case 4, patient C. S.).—The solid line represents urinary lead; the broken line, 


urinary coproporphyrin. The striped blocks represent oral sodium citrate therapy with a 
low calcium diet and are explained in the text. 


normal, 0.00 to 0.08 mg. of lead per liter. The chronicity of this man’s course and his failure 
to stay well after earlier response to calcium and dimercaprol therapy were explained by his 
continual intake of lead in his drinking water, plus the lead he may have stored and not 
completely excreted during his seven years’ working in the steel plant. 

By giving sodium citrate in doses of 4 Gm. four times per day by mouth, the symptoms 
were controlled. Earlier doses of 2 Gm. three times per day were not sufficient, and atropine 
sulfate, barbiturates and even codeine sulfate had to be used to keep the patient comfortable. 
During the sodium citrate therapy, C. S. was restricted to a low calcium diet. When the 
sodium citrate therapy was stopped, symptoms reappeared promptly, but in view of this man’s 
reaction to his long illness, it was difficult to interpret this response. After his return home, 
the patient was persuaded to change the pipes delivering drinking water from his well to 
prevent further lead absorption. His family physician continued the sodium citrate therapy 
for a matter of weeks. Renal lead excretion continued at the levels shown in chart 4. C. S. 
continued to complain of inability to work and of vague fleeting joint pains, but he no longer 
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had headache or abdominal pain. Many of his persistent subjective complaints probabiy 
stemmed from the medicolegal aspects of this case, which had not been settled. 
Considerable laboratory work was done, and the data are listed in table 3. 


The urinary studies done are shown in chart 4, which gives data on lead, coproporphyrin 
and therapy. It may be said that C. S. was absorbing, storing and excreting sufficient lead to 
substantiate the diagnosis of chronic lead intoxication. The correlation of the findings, the 
complaints and the treatment is not clear. 


COM MENT 


In three of the cases presented here there was a rather striking relief of 
symptoms coincident with sodium citrate therapy. 

In the case of J. S. (case 1) it seems that renal lead excretion was suppressed 
by sodium citrate therapy. Perhaps this is the storage effect of sodium citrate 
suggested by Smith.‘ Perhaps this effect is produced by changes in acid-base 
pattern as evidenced by the temporary rise in carbon dioxide-combining power 
which occurred when the sodium citrate therapy was reinstituted. Conclusions 
may not be drawn from the data at hand, but we think that these suggestions 
merit further investigation. It is interesting to note that urinary lead increased 
during the period in which sodium citrate therapy was omitted. Urinary lead 
also increased after the initial fall occurring at the time therapy was reinstituted. 

There is no convincing evidence in the data here presented that the excretion 
of lead was hastened in cases 1, 2 and 4 by the sodium citrate therapy. Both the 
prolonged abnormal urinary lead concentration and the slow rise of the hemoglobin 
to adequate levels we take as evidence that there was persistence of abnormal 
amounts of lead in these patients. 

In case 3 the data presented and the clinical history give reasonable evidence 
that the sodium citrate therapy was useful in hastening lead excretion and prompt 
relief of symptoms. Although this man’s exposure was relatively short, it was 
intense, and it is certain that considerable lead was stored in his lungs and absorbed 
from there into his circulation for some time after his exposure ceased. The 
prolonging of sodium citrate therapy for a matter of weeks after this man’s initial 
acute lead poisoning was controlled perhaps enabled the remaining lead to be 
handled in a manner to prevent exacerbation of symptoms. Since S. O. was not 
allowed to return to work involving lead exposure, his lead intoxication might well 
have followed a benign clinical course without medication. 

The problem of C. S. (case 4) is complicated owing to his long-continued intake 
of lead at his job and at home. As in case 3, this patient, if free from lead exposure, 
might have excreted comparable amounts of lead without the use of sodium citrate. 
However, there can be no doubt that the control of his symptoms—and in the case 
of C. S. this was important—was achieved by sufficiently large oral doses of sodium 
citrate. 


The use of dimercaprol (BAL) in the case of C. S. is hard to evaluate, because 
the patient continued to take in small doses of lead from his drinking water supply 
after leaving the hospital. We were led to review the available literature and 
present the following summarizing remarks. 

Although dimercaprol is most effective in the treatment of poisoning caused by 
certain heavy metals, such as arsenic, gold and antimony, there is, with one excep- 
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tion, no convincing evidence that it is of value in the treatment of lead poisoning.® 
Telfer * reported one case of lead poisoning treated with BAL. Although the 
worker was excreting normal amounts of lead after receiving intravenous injections 
of calcium gluconate for three days, the urinary lead rose to high levels after a series 
of dimercaprol injections. 

We have been much interested in the suggestion that urinary copropor- 
phyrins be used as an index of lead intoxication. Increased coproporphyrinuria 
was found during acute illness in all four of the cases presented in this paper and 
well before the acute episode in at least two of the cases. In all cases the urinary 
lead and coproporphyrin values showed relatively good correlation. It should also 
be mentioned that in all cases the sign of coproporphyrinuria was seen much 
earlier than the stippling of the red blood cells. In the case of S. O. there was a 
great increase in coproporphyrin excretion, accompanied by an absence of stippled 
red blood cells in the peripheral blood. On the fourth hospital day, stippled red 
blood cells were found in the bone marrow smear but not in the peripheral blood. 
On the sixth hospital day, stippled red blood cells appeared for the first time in 
the peripheral blood. From then on there was a gradual increase in the stippled 
cell count, while both urinary lead and urinary coproporphyrin values showed 
a downward trend. In the cases of C. A. and J. S. the coproporphyrin excre- 
tions were elevated well before the symptoms developed, and during this time 
stippled cell counts were normal. In the case of C. S., who had lead poisoning 
over a long period, both the excretion of coproporphyrin and the stippling of red 
cells were increased. 

In postulating the mechanism of this increased coproporphyrinuria in plumbism, 
it appears from studying these four cases that it is entirely possible for the 
mechanism to vary in different cases. It is believed at this time that in those acute 
poisonings which develop over the relatively short period of several months and 
which are accompanied by anemia and increased icterus, the mechanism is due to 
the destruction of the red blood cells, which leads to a release of protoporphyrin, 
which is then converted into coproporphyrin in the liver and excreted as such in 
the urine. Aub’ and his associates have already described the mechanism of 


6. Germuth, F. G., Jr., and Eagle, H.: Efficacy of BAL (2,3-Dimercaptopropanol) in 
Treatment of Experimental Lead Poisoning in Rabbits, J. Pharmacol. & Exper. Therap. 92: 
397-410, 1948. Longcope, W. T., and Luetscher, J. A., Jr.: Use of BAL in the Treatment 
of Injurious Effects of Arsenic, Mercury and Other Metallic Poisons, Ann. Int. Med. 31:545- 
714 (Oct.) 1949. Braun, H. A.; Lusky, L. M., and Calvery, H. O.: Efficacy of 2,3-Dimer- 
captopropanol (BAL) in Therapy of Poisoning by Compounds of Antimony, Bismuth, Chro- 
mium, Mercury and Nickel, J. Pharmacol. & Exper. Therap. (supp.) 87:119-125, 1946. 
Lusky, L. M.; Braun, H. A., and Laug, E. P.: Effect of BAL on Experimental Lead, 
Tungsten, Vanadium, Uranium, Copper and Copper-Arsenic Poisoning, J. Indust. Hyg. & 
Toxicol. 31: (no. 5) 301-305, 1949. Ryder, H. W., and Kehoe, R. A.: Effects of Dithio- 
propanol (BAL) on Human Lead Intoxication, J. Lab. & Clin. Med. 32:1423, 1947. Ryder, 
H. W.; Cholak, J., and Kehoe, R. A.: Influence of Dithiopropanol (BAL) on Human Lead 
Metabolism, Science 106: (no. 2742) 63, 1947. 

7. Telfer, J. G.: Use of BAL in Lead Poisoning, J. A. M. A. 135:835-837 (Nov. 29) 
1947 ; correction 136:50 (Jan. 3) 1948. 

8. (a) Garrod, A. E.: The Bradshaw Lecture on the Urinary Pigments in Their 
Pathological Aspects, Lancet 2:1323, 1900. (b) Watson, C. J.: Concerning the Naturally 
Occurring Porphyrins: IV. The Urinary Porphyrin in Lead Poisoning as Contrasted with 
That Excreted Normally and in Other Diseases, J. Clin. Investigation 15:327. 1936. 
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anemia in plumbism. His explanation of the “shattering” of the red blood cells 
fits in well with the above theory. 

However, there are many cases in which the exposure has continued over 
many years, and there is only slight anemia and no icterus present. It is believed 
that in such cases Rimington’s * theory that lead may be acting as a block between 
protoporphyrin and iron to prevent their normal combination in the formation of 
hemoglobin might be a plausible explanation of this increased coproporphyrinuria. 

Following this line of postulation, we believe that in the cases of S. O. and C. A. 
coproporphyrinuria increased because red blood cells were being destroyed by lead 
with resultant release of protoporphyrin, which was converted into coproporphyrin 
and excreted. In the case of C. S. who had chronic lead poisoning and who had 
been taking in large amounts of lead for many years, it is believed that the increase 
of coproporphyrin took place in the bone marrow and might possibly have been 
due to a blocking by lead during the synthesis of hemoglobin. The case of J. S. also 
seems to have a somewhat similar mechanism as the case of C. S. 

However, as was stated previously, although many theories have been set forth, 
the actual mechanism of this increased coproporphyrinuria is not clearly under- 
stood. It does appear, however, in reviewing these four cases, that rather than 
insisting that there must be only one mechanism common to all cases of plumbism, 
it is wiser to consider the possibility that two mechanisms may be present, especially 
in view of the fact that both the clinical and the laboratory findings do vary from 
case to case. 

While the mechanism of the coproporphyrinuria of plumbism is not definitely 
known, it is known that an increased excretion is seen in lead workers absorbing 
large amounts of lead and also in cases of acute and chronic lead poisoning.’® It 
has recently been suggested that the finding of coproporphyrinuria may be a valu- 
able aid in the prevention or early diagnosis of plumbism."' Kluver '? has found 
the coproporphyrins to be normally present in the white matter of the central 
nervous system of animals, including man. This has led to speculation that the 
neuritic pain, headache, encephalopathy and abdominal colic present in plumbism 
may be explained by the coproporphyrins deposited in the tissues. 

We should like to explore the effect of citric acid, as opposed to that of sodium 
citrate, on lead excretion in acute plumbism. We should like to determine the 
effect of the citrate ion as opposed to the alkalinizing effect of sodium citrate. 
Until such observations are complete, freedom from lead exposure, if attainable, 
and calcium therapy where needed, are dependable measures. Since it is not always 


9. Rimington, C.: Compt. rend. d. trav. du lab. Carlsberg, série chim. 22:454, 1938; 
The Significance of Urinary Coproporphyrins, editorial, J. A. M. A. 186:627 (Feb. 28) 1948. 

10. (a) Maloof, C. C.: Role of Porphyrins in Occupational Diseases: I. Significance of 
Coproporphyrinuria in Lead Workers, Arch. Indust. Hyg. & Occup. Med. 1:296-307 (March) 
1950. (b) Watson.8> 

11. de Langen, C. D., and ten Berg, J. A. G.: Porphyrin in the Urine as a First Symptom 
of Lead Poisoning, Acta med. Scandinav. 130:37, 1948. Waldman, R. K., and Seideman, R. M.: 
Reliability of the Urinary Prophyrin Test for Lead Absorption, Arch. Indust. Hyg. & 
Occup. Med. 1:290-295 (March) 1950. Maloof.19 


12. Kluver, H.: On Naturally Occurring Porphyrins in the Central Nervous System, 
Science 99:482, 1944. 
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possible to achieve the ideal of no lead exposure, it is pertinent to continue to explore 
methods by which to form compounds of lead in the body which are less toxic than 
the lead ion and which hasten lead excretion. 


SUMMARY 


Four cases of lead poisoning, acute in three and chronic in one, in which the 
patients have been treated with sodium citrate, are presented. We believe the 
evidence accumulated leads to the following opinions : 

1. Adequate oral doses of sodium citrate will control the symptoms of lead 
poisoning. 

2. Studies of the lead excreted in the urine in these four cases—we lack studies 
of lead excreted in the feces—do not warrant the conclusion that sodium citrate 
increases lead excretion. 

3. Studies of urinary coproporphyrin are presented. 


286 Congress Street. 
The study of patients S. O., and C. S. was made possible by their physicians, Drs. C. H. 
Duston and Dr. B. F. McKernan, respectively. 


The lead urinalyses were performed by B. P. W. Ruotolo and G. W. Boylen, of the chemical 
staff of the Massachusetts Division of Occupational Hygiene. 
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A PILOT PROGRAM FOR CANCER DETECTION IN INDUSTRY 


BENJAMIN N. BERG, M.D. 
NEW YORK 


T THE present time, the only available method of effectively controlling 
cancer is early detection of the disease. To encourage the public to have 

examinations made, 38 states now have one or more cancer detection centers. 

However, only 24 per cent of the clients at such centers are male. This is the 

finding of a survey of 125 cancer detection centers made recently by the American 

Cancer Society.'| Neither the economic status nor the types of employment of 

male clients were included in the report. 

The preponderance of females requesting examination can largely be attributed 
to the fact that most women, being housewives, can arrange visits during the day, 
the only time when the majority of the detection centers are open. Holding sessions 
at night does not result in a larger percentage of male clients, nor does it take 
care of females who are employed during the day. The reason is that presum- ‘ 
ably healthy persons are reluctant, after a day’s work, to leave their homes to keep 
appointments for examinations at clinics. 

There is a growing effort to educate the public to make every physician’s $ 
office a detection center, and physicians have been asked to cooperate in this 
program. Thus far, however, the results of this approach to the problem have 
not been encouraging. 

Still another plan, one which calls for the utilization of the services of the 
medical departments in industry, is receiving consideration. In this program, 
cancer detection examinations are to be made at the place where the majority of 
employed men and women spend most of their time, that is, at the industrial 
plant. This plan has been tested at the Ford Instrument Company, a division of 
the Sperry Corporation, at its plant in Long Island City, N. Y. 

Educational literature and posters supplied by the American Cancer Society 
were distributed throughout the Ford Instrument Company plant. In addition, 
a film dealing with the detection of cancer was shown both to members of the 
company’s Supervisors’ Club, an organization of employees holding positions of 
administrative or supervisory capacity, and to members of the union local. Supple- 
mentary talks were also given to these groups by the plant medical director and 
the executive director of the Queens County Cancer Committee. During the early 


This investigation was supported in part by a grant from the Queens County Committee 
of the American Cancer Society. 

X-ray equipment for use during this project was generously supplied by the General 
Electric X-Ray Corporation, the Westinghouse Electric Corporation and Powers X-Ray 
Products, Incorporated. 

1. Proceedings of the Conference on Cancer Detection, sponsored by the American Cancer 
Society, Portsmouth, N. H., September 1949, New York, American Cancer Society, 1950. 
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stages of the project, employee representatives were included in planning discus- 
sions. The entire program, approved by the local county medical society, was 
completed in six months. 

Participation was entirely voluntary and without cost to the employee. All 
examinations were made in the plant medical department during working hours 
and on the employer’s time. Each participant was given a schedule of four appoint- 
ments, which included: (1) a complete physical examination and laboratory tests 
consisting of a full blood count, urinalysis and serologic tests; (2) a proctosig- 
moidoscopic examination; (3) a roentgen examination of the chest and a fluoro- 
scopic study of the esophagus, stomach and duodenum with a barium sulfate meal ; 
(4) a consultation with the director, who summarized the findings, referred the 
employee to his or her personal physician for treatment when indicated, and also 
advised the employee to seek a periodic check-up, yearly if a man, and at six 
months’ intervals if a woman over 35 years of age. In the case of women, a fifth 
appointment was arranged, at which a gynecologic examination, including a Papan- 
icolaou smear, was made. Biopsies were made on tissues suspected of cancerous 
changes. 

The physicians who participated in the program practiced in the plant commun- 
ity and belonged to the local county medical society, but, with the exception of 
the medical director, they were not members of the company’s medical department. 
The staff consisted of two general practitioners, a radiologist, a proctologist, a 
gynecologist and a surgeon (the medical director of the company). Specimens 
taken for laboratory tests were examined under the supervision of a pathologist 
connected with a nearby hospital. All the specialists were qualified by their respec- 
tive boards. 

Production losses incurred through idle machines were reduced to a minimum 
by a well-planned schedule of appointments. Examinations were never hurried, 
however, and every effort was made to create a pleasant patient-doctor relationship 
which would promote confidence. The latter was particularly valuable in allaying 
misgivings over procedures such as proctosigmoidoscopic and gynecologic examin- 
ations. 

A detailed report of the results of the various examinations with recommen- 
dations regarding treatment was supplied to the employee’s personal physician, 


and after an interval of one month, a follow-up letter was sent to determine what 
action had been taken. 


RESULTS 


Out of a total plant population of 1,440 employees, 492, or 34.2 per cent, 
were examined (table 1). The preponderance of those examined was made up of 
males, and the incidence (91.5 per cent) approximated closely the total percentage 
of persons employed at the Ford Instrument Company who were males. Distri- 
bution according to age and sex showed that the group was a good sampling of 
the total plant population. Nearly 60 per cent were over 35, or in the cancer-bearing 
age 


With slight modifications, the classification adopted by the American Cancer 
Society was used for recording results. Conditions were listed as proved cancers, 
benign tumors, lesions or tumors requiring observation or treatment as a precaution 
against cancer, and other abnormalities unrelated to neoplasms. 
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Two proved cancers, a carcinoma of the rectum and a melanosarcoma of the 
tragus of the ear, were found in men aged 49 and 41 years, respectively. Radical 
operations were performed in both instances, and the men, one with a permanent 
colostomy, returned to their jobs. The incidence of proved cancers among males 
was 0.44 per cent. This was somewhat higher than the figure of 0.25 per cent for 
males cited by the American Cancer Society in its Detection Center Report of 1949, 
which was based on a much larger number of examinations. 


TasBLe 1.—Distribution of Employees According to Age Groups 


Employees Examined Plant Population 
Per Cent Per Cent 
Age Groups, Yr. Sex Number of Total Number of Total 
M 185 37.6% 450 31.3% 
F 22 45 44 
M 93 19.9 321 22.3 
F 6 12 40 28 
F 6 27 19 
M 179 124 
F 1 3 2 
M 457 1,306 90.7% 
F 35 


Type Number 
Proved cancers: 
Melanosarcoma ...... 


Benign tumors: 


Hemangioma ............. 7 
Skin papilloma................. 
Fibroma, neurofibroma 4 


Lesions or tumors requiring observation or 
treatment as a precaution against cancer: 


Teratoma of testis........... 


Undescended testis.... 


In table 2 are shown the number and the types of benign tumors discovered in 
the survey and also the various lesions that sometimes become cancerous. In 
the latter category, the presence of rectal polyps in 5 per cent of the cases is 
noteworthy. About the same incidence of polyps in presumably normal persons 
was reported recently by Miller, Day and L’Esperance.? 

Diseases other than those related to tumors are recorded in table 3. Anorectal 
disorders, hypertension, duodenal ulcer, obesity, hernias and defective hearing— 


2. Miller, C. J.; Day, E., and L’Esperance, E. S.: The Value of Proctoscopy as a 
Routine Examination in Preventing Deaths from Cancer of the Large Bowel, New York State 
J. Med. 50:2023-2027 (Sept. 1) 1950. 
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TaBLe 3.—Medical and Surgical Conditions Found in Survey (Excluding Those in Table 1) 


Cardiovascular: Cases 
Hypertensive heart disease 
Arteriosclerotic heart disease 
Rheumatic heart disease 


Anginal syndrome 

Cardiac arrhythmia 

Varicose veins 
Gastrointestinal: 

Stomach and duodenum: 
Duodenal ulcer 
Gastric ulcer 
Antral gastritis. 
Pylorospasm . 
Cardiospasm 

Anus, rectum and sigmoid: 


Hemorrhoids requiring treatment 
Asymptomatic hemorrhoids 
Fistula in ano 

Fissure in ano 

Pilonidal sinus 


Colon: 
Uleerative colitis 


Biliary tract: 
Cholelithiasis 


Hernias: 
Inguinal (bilateral, one) 
Recurrent inguinal 
Femoral 
Ventral 
Umbilical 


Metabolic: 


Genitourinary: 
Varicocele (large) 
Hydrocele 
Prostatitis 
Renal or ureteral caiculus......... 
Urethral stricture 
Cystitis 
Hypertrophied prostate.. 
Spermatocele 
Diffuse enlargement of testis 


Gynecologic: 
Cervicitis, cervical erosions or cervical polyps 
Endocrine: 


Pulmonary: 
Arrested tuberculosis 
Bronchial asthma 
Fibrosis and emphysema. 
Cyst of lung 
Psychiatrie: 
Chronic 
Neurosis 
Nervous system: 
Old poliomyelitis 
Multiple sclerosis. 
Nerve palsy 
Venereal: 
Syphilis 
Skin: 


Dermatitis 
Psoriasis 


Special senses: 
Blindness in one eye 
Defective hearing 
Skeletal: 


Chronie osteomyelitis 
Tuberculosis of hip 


Blood-forming organs: 
Polycythemia (?) 


4 
Cases j 
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in the order named—were the commonest abnormalities. Hemorrhoids, present 
in approximately one third of the cases, were largely of the asymptomatic internal 
variety and could be discerned only by means of the proctoscope. 


Taste 4.—Numbers of Employees Referred to Private Physicians for Treatment or Observation 


Males Females 
BB 51 12 


TABLE 5.—Conditions for Which Employees Were Being Treated or Observed 
by Private Physicians 


Cases 


Cardiovascular: Endoerine: 
: Hypertension and duodenal ulcer 1 
Pulmonary: 
Hypertension, obesity, alcoholism, rectal 
1 Arrested pulmonary tuberculosis......... 1 
Hypertension, diabetes, obesity, rectal Arrested pulmonary tuberculosis; orchitis 
Hypertension, internal hemorrhoids...... 1 Psychiatric: q 
Anginal syndrome 2 Chronic aleoholism 2 
Cardiac arrhythmia 1 
Gastrointestinal: Venereal: 
Duodenal ulcer, hypertension, hernia, Skin: q 
Antral gastritis, hypertension, mor- 
rhoids, anal > 2 Chronic osteomyelitis 1 
Antral gastritis .... ae Blood-forming organs: 
Pruritus ani ... 2 Operations: 
Anal fissure 2 8 
Rectal adenoma and pilonidal sinus...... 1 Removal of testis for teratoma.......... 1 i 
Metabolic: Resection of rectosigmoid for carcinoma 
Genitourinary: Partial excision of tragus of ear for 
Hypertrophied prostate 2 cancerous MelaNOMA 1 
2 Hemorrhoidectomy and excision of fis- 
3 Tonsillectomy 1 
1 Excision of rectal adenoma and fibroma 


Two hundred and forty employees, or nearly one half of those examined were 
referred to their private physicians for medical or surgical treatment or observation. 
In a high percentage of cases, the employee was previously unaware of the condition 
for which he was advised to consult his physician. The number of referrals 
increased progressively with advancing age (table 4) and were made chiefly for 
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chronic ailments. More than 70 per cent involved persons over 35 years old. 
Conditions treated or observed by private physicians as a direct result of referrals 
are enumerated in table 5. Where several abnormalities coexisted in a single 
person, they were counted as one, so that the final figure, 78, represents the total 
number of treated patients. Operations were performed in 17 instances, in 8 of 
which they were herniorrhaphies. 

Reports on the results of examinations were sent to 402 general practitioners. 
In 68 cases the employee had no family physician, and in 28 of these the employee 
who required medical care was urged to select one. Of 240 physicians to whom 
cases were referred, 219 responded to the follow-up questionnaire. Eighty-four 
made no statement regarding therapy, and 58 answered that they had not yet 
seen the employee. 

The average time required for a complete examination, excluding time consumed 
in going to the medical department and returning to the job, was 1.9 hours per 
employee. The examinations of older persons took longer than did those of 
younger ones. The average cost per examination per employee was $15.45. This 
sum includes doctors’ and technicians’ salaries, laboratory expenses and cost of 
materials. 

COMMENT 


Several factors contributed to the success of the pilot program. Highly impor- 
tant was the willingness of employees and members of the medical profession to 
cooperate in a health project initiated by industry. Basic considerations agreed on 
by all were voluntary participation, protection of the employee’s rights and strict 
maintenance of high professional standards—the plant medical department has the 
approval of the American College of Surgeons. By adhering to these principles in 
the organization and development of the project, it was demonstrated that industrial 
medicine, under a system of free enterprise, can be integrated with private medical 
practice. An example of this coordination may be found in the large number of 
employees referred to private physicians, with previously undetected medical 
conditions requiring treatment or observation. With a common interest in the 
employees’ health, a fine working relationship between the general practitioner 
and the company medical department was established through frequent consulta- 
tions and correspondence concerning individual cases. The reactions of partici- 
pating physicians were entirely favorable to the project. The idea of utilizing 
medical services in industry for the early recognition of chronic diseases in workers 
received general approval. 

Despite the wide publicity given to the importance of detecting cancer in its 
early stages in order to effect a cure, none of the employees on his own initiative 
had gone to a physician for an examination. As a rule, workers are impelled to 
visit a physician only when they have symptoms which threaten their capacity to 
earn a living. This procrastination is largely due to the fact that a man will not 
take time off from his job and lose part of his wages as long as he feels well 
enough to work. The excellent response made to the pilot program by the employees 
of the Ford Instrument Company shows that a high percentage of workers will 
submit to an examination when it is made available to them on the job, without 
added inconvenience or expense. 
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Another factor necessary to insure that labor will participate in any industrial 
health program is confidence in the quality of the medical services given and the 
assurance that all findings will be treated as confidential information in accordance 
with the traditional rules governing patient-physician relationships. Also, job 
security and seniority rights must be assured to the employee when a condition 
requiring a prolonged period of absence is discovered. In the pilot program for 
cancer detection, confidence in these essentials was established during earlier health 
programs conducted at the Ford Instrument Company. These included roentgen 
examinations of the chest, visual acuity surveys, and mass inoculations against 
smallpox and influenza, types A and B. 

Many employees have learned through experience extending over several years 
that the medical department’s discovery of a previously unrecognized condition 
does not endanger a man’s job but rather makes his job more secure because it 
results in treatment of abnormalities which, if uncared for, might ultimately 
incapacitate him. Support for this point of view has been furthered through private 
physicians who have been encouraged to help in solving the problem of job 
placement of the physically handicapped and the mentally disturbed. The general 
practitioner has long been an integral part of health planning and health supervision 
under the company’s medical program. 

The same pattern of cooperating with private physicians has been followed in 
dealing with problems arising from increasing longevity of the worker. Nearly 
60 per cent of those examined in the pilot program were over 35 years of age. 
Among these, more than 70 per cent required medical care. Willingness of doctors 
to assist in maintaining the productive capacity of the older employee was shown 
by the large number who responded to follow-up questionnaires and who, in addi- 
tion, volunteered favorable comment on the value of the project. While there has 
been increased recognition of the importance of industrial medicine in recent 
years, sufficient emphasis has not been given to the role it can play in the preser- 
vation and improvement of industrial health through cooperating with general 
practitioners, 

From management’s standpoint, industry has much to gain by programs of 
the kind herein described. Common sense dictates that a healthy worker is more 
productive than an ailing one. Such programs help to lower health and compen- 
sation insurance rates, and to improve employee relations. 

An important point brought out by this pilot progr. is that a cancer detection 
study is no more than a careful, complete physical examination, supplemented by 
certain simple laboratory procedures that can be performed in the office of any 
general practitioner. Most of the findings herein reported were discovered by the 
internist and, with few exceptions, did not require complicated equipment or the 
services of specialists. For the purpose of this project, an attempt was made to per- 
form examinations under conditions similar to those existing in hospital clinics. For 
practical purposes and without impairing its usefulness, however, the examination 
can be modified considerably, in areas of the country where less ideal conditions 
prevail. 

A proctoscopic examination can be performed readily by the general practitioner. 
It must be remembered, however, that most cancers of the rectum are within reach 
of the palpating finger and that no general examination is complete without a 
digital rectal exploration. Serologic tests and roentgen examinations of the chest 
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are usually available in most community health centers. The Papanicolaou smear 
is an office procedure but requires interpretation by an experienced technician 
or physician. Fluoroscopic examination of the stomach following a barium sulfate 
meal has distinct limitations, but it has been used successfully in large clinics 
for detecting gastric cancers in asymptomatic persons. In suspicious cases, 
roentgenograms should be made to check the fluoroscopic findings. At present 
there is, unfortunately, no other method for the detection of this highly dangerous 
tumor before the appearance of symptoms which often portend an advanced 
condition. 
SUMMARY 


In this experience we noted that most persons holding jobs will not attend 
cancer detection clinics or visit their personal physicians. A pilot program conducted 
at a moderate-sized plant demonstrated that workers will have a cancer detection 
examination made if it is made on the premises. The wider implications of the 
project considered in relation to the private practitioner and management policy 
are also discussed, 
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TOXIC EFFECTS OF EXPOSURE TO VAPORS OF ALIPHATIC AMINES 


HEINRICH BRIEGER, M.D. 
AND 

WILLIAM A. HODES, A.B. 

PHILADELPHIA 


LIPHATIC amines have been studied by pharmacologists as vasoconstrictors, 

bronchodilators or analeptics and, more recently, as analgetics and local anes- 
thetics. Not as much attention has been paid to the toxic hazard which may arise 
from their manufacture or industrial use. Hanzlik' observed mild irritation of 
the eyes on exposure to the vapors of normal butylamines; acute exposure to 
dibutylamine in a concentration of about 1: 75,000 was fatal for rats. Carpenter, 
Smyth and Pozzani* found that the acute toxicity of the same vapor is moderate. 


Monoethylamine Diethylamine Triethylamine 
Specific gravity 20 C./20 C............45 0.78-0.80 0.70-0.71 0.74-0.76 


Below 0 F. Below 0 F. 20 C. 
(70% aqueous (open cup) (open cup) 
solution) 
— 80.6 C. — 50.0 C. —114.8 
16.6 C. 55.5 OC. 89.5 C. 
Vapor p (at ph arene 114 1.00 0.097 


55.4 C. 25 C. 


Treon, Sigmon, Kitzmiller and Heyroth * have seen severe irritation of the respira- 
tory mucosa in several species of animals from the inhalation of diisopropylamine 
vapor in concentrations from 261 to 2,207 p. p. m. after various periods of exposure. 
Opacity of the cornea resulted from exposure to every concentration used ; hydropic 
degeneration and cloudy swelling occurred when animals were exposed to 597 


This investigation was supported by a grant from Sharples Chemicals, Inc. 

From the Division of Industrial Medicine, Jefferson Medical College of Philadelphia. 

1. Hanzlik, P. J.: Toxicity and Actions of the Normal Butylamines, J. Pharmacol. & 
Exper. Therap. 20:435, 1923. 

2. Carpenter, C. P.; Smyth, H. F., Jr., and Pozzani, U. C.: The Assay of Acute Vapor 
Toxicity, and the Grading and Interpretation of Results on 96 Chemical Compounds, J. Indust. 
Hyg. & Toxicol. 31:343, 1949. 

3. Treon, J. F.; Sigmon, H.; Kitzmiller, K. V., and Heyroth, F. F.: The Physiological 
Response of Animals to Respiratory Exposure to the Vapors of Diisopropylamine, J. Indust. 
Hyg. & Toxicol. 31:142, 1949. 
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p. p.m. or more. Amor * has reported similar eye injuries in workers exposed to 
monoethylamine, diethylamine and triethylamine. Watrous and Schulz ° described 
irritation of the mucous membranes as the chief toxic effect of cyclohexylamine in 
experimental animals; nausea and vomiting were caused in human beings by 
industrial exposure. 

The studies reported in this paper were undertaken at the request of a manu- 
facturer of ethylamines. Monoethylamine—C.H;NH.—is used in the manufacture 


of ethylammonium sulfamate, a softening agent and flame retarder for certain paper 
products; it is also used as a chemical intermediate. One of the most important 
uses for diethylamine—(C.H;)2NH—is that of an intermediate in the manufacture 
of diethyldithiocarbamic acid salts and tetraethylthiuram disulfide which are ultra- 
accelerators used in the vulcanization of natural and synthetic rubbers. Triethyl- 
amine—(C.H;)3;N—is used as a solubilizer for 2,4-D acid. Table 1 shows some 
physical properties of the three compounds. 


EXPERIMENTAL METHODS 


Rabbits in groups of six were exposed to the amine vapors in a dynamic chamber constructed 
according to Silver’s® specifications. Dry air was passed into a bottle equipped with a fritted 
disk and containing the liquid amines. These were thus volatilized and dispersed into the 
chamber. The bottle was held in a refrigerated, constant temperature bath. The level of the 
liquid in the bottle was kept constant by means of a photoelectronic device which actuated a 
solenoid valve to admit the liquid amine into the bottle. 

Air was sampled at approximately 1 L. of air per minute from the level of the animal’s 
nose and mouth. The ethylamines in air were determined by the method used for ammonia in 
air.? A measured volume of air containing the amine was drawn through a fritted gas-washing 
bottle containing 200 cc. of standardized 0.1 N sulfuric acid. An aliquot of this acid was titrated 
against repeatedly standardized 0.1 N sodium hydroxide solution, methyl red being used as 
indicator. One cubic centimeter of 0.1 N sulfuric acid is equivalent to 0.0014 Gm. of N, 0.0015 
Gm. of NH and 0.0016 Gm. of NH. 

The experiments in which rabbits were exposed to 100 p.p.m. of diethylamine and triethyla- 
mine and to 50 p.p.m. of monoethylamine were performed twice. 


RESULTS 


All rabbits exposed to concentrations of these three amines of approximately 
100 and 50 p.p.m. seven hours a day, five days a week, for six weeks, survived. 
The physiological response of the animals to these exposures is recorded in tables 
2,3 and 4. Pulmonary irritation, ascertained by histologic examination, was present 
in the animals exposed to both 100 and 50 p. p. m. of the three compounds with no 
uniform difference in degree between the effect of monoethylamine, diethylamine 


4. Amor, A. J.: The Toxicity of Solvents, Mfg. Chemist 20:11, 1949; Paint Manuf. 20:2, 
1950. 

5. Watrous, R. M., and Schulz, H. N.: Cyclohexylamine, p-Chlornitrobenzene, 2-Amino- 
pyridine: Toxic Effects in Industrial Use, Indust. Med. & Surg. 19:317, 1950. 

6. Silver, S. D.: Constant Flow Gassing Chambers: Principles Influencing Design and 
Operation, J. Lab. & Clin. Med. 31:1153, 1946. 

7. Jacobs, M. B.: Analytical Chemistry of Industrial Poisons, Hazards and Solvents. 
Volume I: Chemical Analysis: A Series of Monographs on Analytical Chemistry and Its 
Applications, second revised reprint, New York, Interscience Publishers, Inc., 1944, p. 288. 
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or triethylamine (fig. 1). On the other hand, the parenchymatous degeneration 
of liver and kidneys seemed to be more severe in the animals exposed to triethyl- 


TaBL_e 2.—Physiological Response of Rabbits to Exposure to Monoethylamine 


= 100 p.p.m. (0.18 mg./1.) 


= 50 p.p.m. (0.09 mg./1.) 


99.96 + 14.58 (8.D.) 49.30 + 6.6 (S.D.) 


Lungs: Small hemorrhages; peribronchitis; Lungs:  Peribronchitis and pneumonitis; thick- 
thickening of vascular walls ening of small blood vessels 

Kidneys: Slight to moderate parenchymatous Heart: Focal muscular degeneration in some 
degeneration animals 


Eyes (after two weeks of exposure): Multiple 
epithelial erosions and edema of the 
cornea; edema of nictitating mem- 

brane 


TABLE 3.—Physiological Response of Rabbits to Exposure to Diethylamine 


= 100 p.p.m. (0.3 mg./1.) = 50 p.p.m. (0.15 mg./1.) 


109.31 + 14.95 (S.D.) 52.71 + 6.34 (S.D.) 


Lungs: Cell infiltration; bronchopneumonia: Lungs: Moderate peribronchitis and oceasional 
changes not uniform foeal collection of lymphocytic cells; 
slight thickening of vascular walls 
Liver: Marked parenchymatous degeneration Heart: Very slight muscular degeneration (?) J 
with recent cell regeneration 
Kidneys: Nephritis with slight tubular changes Liver: Oceasional foei of moderate paren- 


ehymatous degeneration 
Kidneys: Changes not definite 


Eyes: Multiple punetate erosions and edema 
of cornea 


TaBLeE 4.—Physiological Response of Rabbits to Exposure to Triethylamine 


100 p.p.m. (0.42 mg./1.) = 50 p.p.m. (0.21 mg./1.) 


47.56 + 7.83 (S.D.) 


99.5 + 15.5 (S.D.) 


Lungs: Hyperemia and edema; hemorrhages; Lungs: Peribronchial infiltration; occasional 
moderate peribronchitis and vascu- focal collection of lymphoeytic cells; 
lar thickening slight thickening of vascular walls 

Heart: Congestion and edema; striking mus- Liver: Thymol-barbital turbidity test posi- 
eular degeneration tive; slight parenchymatous degen- 

eration 

Liver: Hyperemia and pronounced paren- Eyes: Multiple punetate erosions of the cor- 
chymatous degeneration with cell neal epithelium and corneal edema 
necrosis 


Kidneys: Congestion; marked parenchymatous 
degeneration with cell necrosis 


amine. The striking parenchymatous degeneration of the heart muscle in all animals 
exposed to 100 p. p. m. of triethylamine (fig. 2) constitutes a rather unusual find- 
ing; occasional similar findings in individual animals of the other groups were not 
definite and uniform enough to warrant the diagnosis of intravital degeneration. 
An increase in blood sugar was observed in the first groups of animals exposed 
to 100 and 50 p.p.m. of diethylamine, respectively. However, no increase took 
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Fig. 1—Pulmonary response in rabbits exposed to 50 p.p.m. monoethylamine: parabronchial 
lymphocytic infiltration and pronounced thickening of an arteriole. x 125. 


q 


Fig. 2.—Degenerative changes in the heart muscle of a rabbit which had been exposed to 


100 p.p.m. triethylamine: swelling of muscle fibers and granulation and vacuolation of the 
cytoplasm with well-preserved nuclear staining. x 400. 
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place in a second experiment with exposure to 100 p. p. m. of the same compound. 
The blood pressure in rabbits exposed to 50 p. p.m. of monoethylamine for two 
weeks remained unchanged. 

Exposure to 50 p. p.m. of the three amines was sufficient to produce corneal 
injury. Examination with the corneal microscope revealed multiple corneal erosions 
and edema. Rabbits exposed to 50 p. p. m. of monoethylamine did not show corneal 
injury until after two weeks. 

SUM MARY 


Rabbits exposed for six weeks to the vapors of monoethylamine, diethylamine 
and triethylamine, in concentrations as low as 50 p. p. m., showed marked irritation 
of the cornea and of the lung tissue. Corneal changes developed after two weeks 
of exposure to 50 p. p.m. of monoethylamine. 
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COMPENSATION ASPECTS OF MYOCARDIAL INFARCTION 
IN INDUSTRIAL MEDICINE 


JAMES H. THOMPSON, M.D. 
SAN FRANCISCO 


HE RECENT apparent increase in the incidence of myocardial infarction 
leads to the questionable impression that this disease is due to the nervous 
strain of modern living. However, Ruffer' reported numerous arterial lesions 
in Egyptian mummies. The blood vessels of these ancient people showed wide- 
spread calcific lesions comparable to the arteriosclerosis found today. The Egyptians 
were not subjected to the rigors of modern civilization, nor to the high cholesterol, 
high protein diets, tobacco, syphilis or the other supposed precursors of arterio- 
sclerosis. 

The apparent increase in the incidence of coronary occlusion and coronary 
arteriosclerosis may be attributed to three general factors: 


1. More accurate diagnosis. Since Herrick’s * correlation of clinical and patho- 
logical observations of coronary occlusion in 1912 and Einthoven’s introduction * 
of the electrocardiogram in 1900, the clinical diagnosis of myocardial infarction 
has become a relatively simple task. The increased accuracy of diagnosis has led to 
more frequent reporting of myocardial infarction as the cause of death in cases in 
which formerly the vague diagnoses of “heart failure,” “myocarditis” or “acute 
indigestion” were offered. 


2. Standardization of terminology. It was not until 1930 that the Inter- 
national List of Causes of Death recognized myocardial infarction as a possible 
cause of death ; consequently vital statistics prior to 1930 are valueless. Even at the 
present time the International List grants priorities to certain diseases. For 
example, if a man with chronic nephritis dies of acute myocardial infarction, the 
chronic nephritis, regardless of its severity, outranks the myocardial infarction and 
the death is attributed to nephritis. 

3. Increased age of the population. It is of interest to point out that in 1880 
the average life expectancy was 34 years and that in 1945 it was 65 years. Life 
expectancy has been doubled in the past 70 years, and consequently degenerative 
diseases have increased. 


From the Division of Medicine, University of California School of Medicine. 
Read before the Section on Industrial Medicine at the meeting of the California State Medi- 
j cal Association in San Diego, May 2, 1950. 


1, Ruffer, M. A.: Arterial Lesions in Egyptian Mummies, J. Path. & Bact. 15:453 (Nov.) 
1910. 


2. Herrick, J. B.: Clinical Features of Sudden Obstruction of the Coronary Arteries, 
J. A. M. A. 59:2015 (Dec. 7) 1912. 

3. Einthoven, W., and De Lint, K.: Uber das normale menschliche Elektrokardiogram 
und iiber die capillar-elektrometrische Untersuchung einiger Herzkranken, Arch. f. d. ges. 
Physiol. 80:139 (Feb.) 1900. 
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Although credit has been given to accurate diagnosis as one of the causes for the- 
apparent increase of myocardial infarction, one must point out that important 
errors are still made respecting the diagnosis of myocardial infarction. These 
errors are especially important in industrial medicine. In any “heart attack” of 
industrial nature one must consider angina pectoris, coronary occlusion, coronary 
insufficiency, contusion of the heart muscle and, of course, other rare conditions 
affecting the myocardium. 


1. Angina pectoris. Angina pectoris is believed to be a transient state of 
coronary insufficiency and pain without permanent myocardial change. This pain 
practically always appears in conjunction with physical or nervous strain and is 
believed to be due to the inability of the blood supply of the heart muscle to cope 
with the exertional demands. This direct relationship between exertion and angina 
is so well known to the medical and lay public that, by analogy, the erroneous idea 
that all heart pain is precipitated by strain has thoroughly embedded itself. The 
fine differential point which is not usually considered is that angina pectoris and 
coronary occlusion are manifestations of sclerotic coronary artery disease. How- 
ever, coronary occlusion is not a complication of angina pectoris. This point is the 
basis for widespread confusion because of the similarity that exists between the 
pain of angina pectoris and that of coronary occlusion. The fact that persons may 
sometimes die of acute myocardial infarction due to coronary insufficiency without 
occlusion leads to further confusion. Angina pectoris by definition causes no 
permanent damage of the heart, and I do not believe it is a factor in the precipitation 
of coronary occlusion. In a legal sense one could state that an individual attack 
of angina pectoris which lasts for a period of two to three minutes may have been 
precipitated by the actual work being carried out by the individual at the time of the 
attack. However, as soon as this attack is concluded the effect of that work is 
terminated and industrial liability is also terminated. The employer should not 
be held responsible for future attacks of angina or possible coronary occlusion which 
might occur at some future date as a complication of the existing arteriosclerosis. 


2. Coronary occlusion. Coronary occlusion is due to the occlusion of one of the 
branches of the coronary arteries. Horn and Finkelstein * and others have dis- 
cussed the pathological nature of coronary occlusion. They point out that vascu- 
larization of the intima of the coronary arteries was found only in the presence of 
arteriosclerosis, and it was regarded as a sequela rather than the cause of the 
arteriosclerosis. As this vascularization increases, intramural hemorrhage of the 
sclerotic artery may occur. Such a hemorrhage may produce an acute occlusion or 
may serve as a site for thrombosis. The coexistence of recent and organized 
changes of some thrombi suggest that in some cases the process of coronary 
occlusion may be slow. In other words, the actual intramural hemorrhage which 
ultimately produces the occlusion may commence several days or weeks before the 
final occlusion of the vessel and subsequent myocardial infarction. 


Osler’s statement * in 1910 that “coronary occlusion was a disease of the upper 
bracket individuals, principally affecting persons engaged in professional life,” made 
a profound impression. In the light of the discussion above, persons of the upper 
bracket would now receive better medical care and the cause of their deaths would 


4. Horn, H., and Finkelstein, L. E.: Arteriosclerosis of the Coronary Arteries and the 
Mechanism of Their Occlusion, Am. Heart J. 19:655 (June) 1940. 


5. Osler, W.: The Lumleian Lectures on Angina Pectoris, Lancet 1:697 (March 12) 1910. 
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be more accurately determined. This would produce an apparent but not a real 
increase in the incidence of coronary occlusion. John Parkinson’s® graphic 
description of the clinical findings in coronary occlusion, although not as well 
remembered, is a classic. He said, “When a man of advanced years is seized 
while at rest with severe pain across the sternum which continues for hours, and 
which is accompanied by shock, collapse and dyspnoea, he has an anginal attack of 
no ordinary kind, and is probably the victim of acute infarction of the heart muscle.” 
Parkinson went on to state that coronary occlusion was not the terminal com- 
plication of angina pectoris. 

Probably the most accurate statistical studies on the incidence of coronary 
occlusion in the United States at the present time were made by Master.’ It is 
apparent from these studies that one of every 54 men or 89 women over the age of 


x 


TaBLe 1.—Activity of Individuals at Time of Onset of Myocardial Infarction, Based on 
Statistics of Master, Dack and Jaffe, Concerning a Group of 1,068 Attacks 


Percentage 
Av. Time Spent in Given Activity of Onsets of 
—A ~ Myocardial Infarction 
Pereentage Occurring in Given 
Aetivity Hr. per Day of Day Period of Activity 
8 33 22.5 
Rest (lying or 6 25 29.5 
5 ; Ordinary mild activity................... 3 13 21.0 
ae Moderate activity (except walking)..... 3 13 9.0 


Tas_e 2.—Comparison of Occupational Groups with Respect to Percentage of Group Showing 
Myocardial Infarction and Percentage of New York Population Represented 
in Group by Census Report 


Percentage of Percentage of 


§ Population of Group with 
5 New York Repre- Myocardial 
g Occupational Group sented in Group Infaretion 
Store, office and business 37 37 
Members of the professional 8 12 


40 years will have a coronary occlusion each year. Master, Dack and Jaffe * reported 
1,700 attacks of coronary occlusion. Of the patients, 1,068 had an available history 
of activity preceding their attack. As noted in table 1, the incidence of coronary 
occlusion relative to any stated activity in the course of 24 hours approximates the 
percentage of the day that is devoted to that specific activity (i. e., 58 per cent of the 
day is spent in sleeping or resting, and 52 per cent of the coronary occlusions occur 
during that period), and, likewise, as noted in table 2, the incidence of coronary 
occlusion relative to any occupational group equals the incidence of those engaged 
j in that occupation in the general population. 


6. Parkinson, J., and Bedford, D. E.: Cardiac Infarction and Coronary Thrombosis, Lancet 
1:4 (Jan. 7) 1928. 


7. Master, A. M.: Incidence of Acute Coronary Artery Occlusion, Am. Heart J. 33:135 
(Feb.) 1947. 

8. Master, A. M.; Dack, S., and Jaffe, H. L.: The Role of Effort, Trauma, Work, and 
Occupation in Onset and Subsequent Course of Coronary Artery Occlusion, M. Ann. District 
of Columbia 10:79 (March) 1941. 
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3. Coronary insufficiency. Myocardial infarction does occur in the absence of 
coronary occlusion. Yater and associates ° found absence of occlusion in less than 10 
per cent in their series of cases of myocardial infarct. They reviewed 866 fatalities 
due to disease of the coronary arteries in men of the ages from 18 to 39 years. 
Some of their findings are listed in table 3. 

From these statistics it is apparent that fatal coronary insufficiency is represented 
in a definite but small percentage of coronary deaths. Severe coronary insufficiency 
with infarction, as a rule, is due to unusual exertion beyond the cardiac reserve. It 
is probable that unusual exertion on the part of the patient at the time of his attack 
is the precipitating cause of his coronary insufficiency and subsequent myocardial 
infarction. This is usually associated with a subendocardial infarct. Subendo- 
cardial infarction usually shows inversion of the T waves and does not show 
prominent O waves in the electrocardiogram. There are other clinical and, of 
course, pathological characteristics to distinguish this type of infarction. 

4. Contusion of the heart muscle. Direct trauma to the heart muscle may 
occur as the result of a blow on the chest and may produce abnormal electrocardio- 
graphic changes suggestive of coronary occlusion. The electrocardiographic 


TasL_e 3.—Statistics on Myocardial Infarction (Based on Autopsy Observations in 866 Cases 
of Coronary Artery Disease of Men of Ages 18 to 39)* 


Patients with gross myocardial infarction................ 


Without occlusion of coronary artery................. 8 7 

With sclerotic occlusion 27 23.7 
With thrombotie occlusion only..............ceeeceeeee 55 48.2 
With both sclerotic and thrombotie occlusion......... 24 2.1 


* This table is an adaptation of table XXXIV, page 690, of the third article of Yater and associates 
cited in footnote 9. 


changes are due to the injury of the heart muscle. However, the injury is not due 
to circulatory failure but is due to the contusion. This type of heart lesion is 
industrial in origin if the injury of the chest was sustained in the course of the 
man’s occupation, and should not be confused with myocardial infarction. 


5. Rare conditions of the myocardium. Myocarditis, acute dilatation of the 
heart (cor pulmonale), severe electrolytic disturbances and other rare conditions of 
the myocardium can be differentiated on clinical grounds. 


COMMENT 


If it is agreed (a) that angina pectoris is a transient symptom of arteriosclerosis 
without residual and is therefore not important in an industrial sense, (b) that 
coronary occlusion is due to arteriosclerosis and is not related to strain, and con- 
sequently is not industrial in origin, and (c) that acute coronary insufficiency with 
myocardial infarction may be due to severe muscular or nervous strain, then 
most cases of myocardial infarction can be classified definitely as to their cause and 
consequently their industrial relationship. I realize that not all physicians will agree 
to the above stipulation, but there are available at this time sufficient data to uphold 


9. Yater, W.; Traum, A. H.; Brown, W. G.; Fitzgerald, R. P.; Geisler, M. A., and Wil- 
cox, B. B.: Coronary Artery Disease in Men 18 to 39 Years of Age, Am. Heart J. 36:334 
(Sept.) ; 481 (Oct.) ; 683 (Nov.) 1948. 
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this point of view. However, no matter how dogmatic the cardiologist becomes, 
he must realize that the final decision as to industrial responsibility in heart cases 
rests in the hands of laymen. The actual decision as to industrial responsibility is. 
made by lawyers and the industrial accident commission. They usually ask medi- 
cal counsel but draw their own conclusions. 

The first major legal premise the physician must realize is that in the eyes of the 
law any employed person is in perfect physical condition, regardless of his age or 
the narrowness of his coronary arteries. This and all other legal premises arising 
in industrial medicine are really a metamorphosis of law rather than of medicine. 

Originally industrial injuries were the direct results of violence. That is to say, 
if a man fell off a scaffold while at work and broke his leg, that broken leg repre- 
sented an industrial injury. However, if a man worked in a hard rock mine and 
inhaled silica dust, there was no direct trauma and the resulting silicosis was not 
considered industrial in origin. After much social pressure, the legal reasoning 
that silicosis is an injury due to the impact of millions of tiny particles of silica has 
gradually become accepted. Here the medical aspects of silicosis have not changed, 
although the legal relationships of the illness to occupation have been altered. 

Since the advent of compulsory industrial accident insurance in the state of 
California the attitude of the law regarding cases of industrial injury has gradually 
taken its present form. 

There has been a trend for the industrial accident commissions to become more 
and more liberal in accepting medical conditions as industrial in origin. This trend 
is a natural parallel to the general social and political opinions of the time. Co. - 
sequently, the physician should become more objective in his study of industrial 
accident cases and consider all factors of preexisting disease, nature of working 
conditions, injury and “strain’’ before he decides on the industrial origin of an 
illness. The liberal acceptance of many degenerative conditions will certainly have 
a tendency to discourage the hiring of older persons. However, that manifestation 
is already being anticipated in New York state, where legislation is being designed 
“to end the employment discrimination against older workers.” A bill to be intro- 
duced in the New York state legislature was held out of the current session “to 
give business a final opportunity to voluntarily improve the situation of employment 
discrimination against older workers.” From these trends it can be seen that there 
are strong forces at work, first, to determine the responstbility for industrial 
illnesses and, second, to force employers to hire persons who are more susceptible 
to illness and injury. 

Today we are discussing one of the small facets of this greai problem. Myo- 
cardial infarction, which was rarely acceptable as an industrial illness 20 or 30 
years ago, is now becoming more frequently accepted. More liberal acceptability 
can probably be anticipated for the future. 

The following cases will serve to illustrate the present level of the California 
industrial accident commission’s acceptance of myocardial infarction : 


J. M., a 50 year old fireman, was awakened out of a deep sleep on Feb. 14, 1948 by severe 
precordial pain. A definite clinical diagnosis of a massive myocardial infarction due to coronary 
occlusion was made. There was no question about the diagnosis. This illness had occurred on a 
week end, and the patient had not worked for 48 hours. The last fire in which he was exposed 
to severe physical exertion and smoke occurred two weeks prior to his coronary occlusion. 

Medically this case appears to be a “garden variety” of coronary occlusion due to arterio- 
sclerotic heart disease, which was not related to his occupation as a fireman. However, the 
so-called “Presumptive Act” of the state of California is such that heart disease or pneumonia 
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developing in any fireman or policeman is accepted as an industrial illness unless unequivocably 
proved otherwise. Consequently, this case was considered industrial in origin in a legal sense. 

S. G., a 49 year old Russian mechanic, suffered a coronary occlusion on July 15, 1946. The 
attack occurred while he was driving his private automobile at the beach. He had not worked 
for three days prior to the onset of this occlusion. The clinical findings were typical of myo- 
cardial infarction due to coronary occlusion, which was followed by congestive heart failure. 
This case was subsequently determined to be industrial in origin, with medical costs of $1,451.28 
and compensation of $1,410.00 for a total cost to the insurance company of $2,861.28. 


One must consider the difficulty in arriving at insurance rates under the 
conditions that prevail at the present time. The premiums must be revised 
upward at frequent intervals. I believe a great deal could be gained by having a 
board composed of medical persons appointed by the state medical association, 
insurance actuaries appointed by the insurance companies and legal persons 
appointed by the governor. This group could sit down and decide certain limiting 
factors of industrial illnesses. This board could decide broad policies along the lines 
of the above discussion. For example, they could decide that no coronary occlusion 
would be acceptable as an industrial illness and that only myocardial infarctions due 
to acute coronary insufficiency, without coronary occlusion, would be accepted as 
industrial. Of course, they could take the opposite attitude that all myocardial 
infarctions which occurred in workers on or off the job would be acceptable as 
industrial injuries. Regardless of what stand this board took, the insurance com- 
panies and the referees would have a definite, clearcut basis for their decistons. 
This would eliminate much of the long debate in each individual case. Thus the 
legal and medical expenses would be markedly reduced, and the patient would 
receive better medical care either privately or through insurance, because the long 
period of litigation and indecision would be eliminated. This same board could 
establish a standard fee of settlement which would take into consideration the under- 
lying degenerative cause of the illness likely to exist in any age group. I believe 
a definite black and white arrangement for the acceptance or the nonacceptance of 
coronary occlusion, with a definite rate of compensation for all cases, regardless of 
severity, would work less hardship on the individual patient than does the present 
system. 

SUMMARY 


Certain aspects of the differential diagnosis of coronary occlusion, angina pec- 
toris and acute coronary insufficiency have been discussed, with the extent to which 
these conditions relate to activity. 

It has been pointed out that from the standpoint of industrial medicine the 
acceptance or the nonacceptance of the industrial origin of an injury or an illness is 
determined by the legal profession and public opinion as this is carried out by the 
administration at state and possibly national levels. The gradual inclusion of more 
and more clinical conditions as industrial injuries is well known to all of us and 
the example of myocardial infarction is used to illustrate the progress being made 
toward this end. 

The suggestion is made that a medical board be set up to rate various diseases, 
particularly those of degenerative origin. Standardized compensation and settle- 
ments would be granted accordingly. In this way the patient would know exactly 
where he stood early in the course of his disease, which would facilitate the best 
treatment for the patient at the earliest possible date. 
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REPORT ON INDUSTRIAL HYGIENE IN THE 
WESTERN ZONE OF GERMANY 


IRVING R. TABERSHAW, M.D. 
NEW YORK 


PURPOSE 


HIS SURVEY attempts to evaluate present day industrial hygiene practices 

in the Western Zone of Germany. It had been noted by American public 
health officials that German practices in this field (five years after the war) were 
lacking or rudimentary or had regressed to the point of ineffectiveness. This was 


especially true if viewed in the light of the modern concept of industrial hygiene as 
a field of public health which embraces the prevention of disease and injury as well 
as the maintenance and improvement of workers’ health. 


PROCEDURE 


Officials in the health and labor departments of all government units were inter- 
viewed. Discussions were also held with those quasiofficial and nonofficial agencies 


which have an interest in some phase of industrial hygiene. A number of research 
laboratories were inspected, and educational programs of a few of the leading uni- 
versities were examined. A representative number of plants, including those in 
the Ruhr, were visited and industrial medical practices reviewed. Several con- 
ferences and meetings on industrial hygiene problems were attended, and a number 
of round table discussions were held in several cities. 


INTRODUCTION 

The practice of industrial hygiene in Germany is important inasmuch as that 
country was one of the leading industrial nations of Europe and is rapidly regaining 
its former status. Table 1 indicates the total number employed in Western Germany 
for the second half-year of 1949. Since all workers must be insured in an accident 
insurance company ( Berufsgenossenschaft), these figures were chosen as being most 


inclusive. Accident insurance companies are organized in four large groups either 
by industry or on a geographic basis. 

Industrial accidents are common and occupational disease, particularly silicosis, 

; is of serious significance in the Ruhr and in the porcelain industry. It was unof- 

ficially stated in regard to the coal mines that the indemnity paid for occupational 

disease in 1949 was higher than the indemnity for accidents. 


Dr. Tabershaw is associate professor of industrial hygiene at Columbia University School 
of Public Health, and medical director in the Eastern Division of the Liberty Mutual Insurance- 
Company, New York. 
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Table 2 gives some data for the year 1949 which indicate the magnitude of the 
problem. 


Table 3 compares the industrial accidental death and injury rates for the United 
States and Germany. 

There is no question that industrial deaths and accidents are more frequent in 
Germany than in the United States. However, differences in reporting, in group- 
ing of industry, in classification of workers, etc., make exact comparison difficult. 


Tas_e 1—Total Number Employed (Western Zone) 


Number Insured 


Accident Insurance Group (2d Half 1949) 
Government 2,210,430 
Executive employment (including 1,978,631 


20,253,434 


Taste 2.—Comparison of Numbers Indemnified for Accidents and Occupational Disease 


Number undergoing accidents (total)...........0.cccceeceeeeeeeeee 1,118,019 
Number undergoing occupational disease (total).................. 


Number compensated for accidents 


Number compensated for occupational disease 
Partial disablement 


Taste 3.—Comparison of Industrial Accident Rates of Germany and the United States (1949) 


Germany United States 
Accidental deaths (per 26 
Accidental injuries (per 100,000)...........cccccceceeeeeeuce 3,250 


Probably the most reliable figure for comparative purposes is the number of indus- 
trial deaths. This shows a substantially higher rate for Germany. Industrial 
accidents are also more frequent and will probably increase as German industrial 
production increases. 

Owing to the predominance of the mining, chemical and porcelain industries 
in the German economy, occupational disease is of greater significance than in the 
United States. Comparative data on this type of disease are not reliable, since there 
is no universal mandatory reporting of industrial disease in the United States. The 
backlog of cases of partial and total industrial disablement is enormous and repre- 
sents a severe drain on the German economy at present and will undoubtedly 
increase in the future. No data on the total industrial accident premium could be 
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obtained, but at least 415 million marks were expended in 1949 in indemnity and 
medical expenses by the accident insurance companies. It is worth noting that ‘ 
only about 0.02 per cent of the amount expended was for accident prevention. 


LEGISLATIVE AND HISTORICAL BACKGROUND 


The present practices in industrial hygiene in Germany can be directly attributed 
io the development of health insurance (Krankenkasse) and workmen’s compen- 
sation (Berufsgenossenschaft). The health insurance system was established in 
1883 and was followed two years later by passage of the workmen's compensation 
laws, which compelled employers to insure all their workers against accidental 
injuries and illnesses arising out of employment. The first law governing medical 
control of lead industries was enacted in 1905. Since that time at irregular intervals 
other hazardous substances and processes have been added to the list. These laws 
require physical examinations before entry to determine suitability for employment, 
physical examinations of exposed workers at stated intervals, and sanitary regu- 
lations within the plant. To supervise the enforcement of these medical regulations 
and to determine the diagnosis and causal relation of an alleged occupational disease, 
physicians were appointed in the Labor Ministry (Arbeitsministerium). 

These state industrial physicians (Landesgewerbedrste) dominate the entire 


7 administrative and legal structure for controlling health conditions within the plant. 
a Other agencies and groups who may have attempted to add new concepts regarding 
; the health needs of the workers were forced to defer to the Landesgewerbearst. 
A Since the law narrowed the interest of these physicians to carrying out its regu- 
5 lations, the broader public health aspects of this field have been neglected. The 


interpretation of the functions of the state industrial physician and of the Labor 
Ministry is comparable to that of the administration of our workmen’s compensation 
laws. While this is related to the broad field of industrial hygiene, it is essentially 
a medicolegal-social problem and represents only a fragment of the total factors 
which play a part in worker health. 


OFFICIAL AGENCIES 
MInistry oF LABoR 
The Ministry of Labor is the government agency basically concerned with 
worker health and working conditions, e. g., hours of work, employment of women, 
employment of minors, etc. Its present organization is essentially the same as 
that which existed before and during the war. Direct responsibility for controlling 
accidents and occupational disease hazards is vested in two sections (medical and 
engineering) which are administratively separate but function cooperatively. 
Medical Affairs Branch—The Medical Affairs Branch in Bonn consists of an 
Arbeitsministerium for Medical Affairs (Professor Bauer and a staff of three 
medical assistants). The major functions of this group are to create new legisla- 
raw tion, to supervise and assist the state industrial physicians (Landesgewerbedrste) 
in carrying out the law and to act as the federal administrative body on all matters 
relating to the medical aspects of the labor laws. Its functions are purely admin- 
istrative, and no scientific research or educational facilities, equipment or staff, exist 
in this department. 


Ay 
| 
| 
| 
| 
3 
{ 
| 
{ 
} 


TABERSHAW—INDUSTRIAL HYGIENE IN WESTERN ZONE OF GERMANY 301 


A similar system exists in each state (Land); i. e., the Labor Department is 
responsible for the control of accidents and health hazards. Responsibility for 
medical affairs is vested in the Landesgewerbedrste, one or more of whom are 
appointed for each Land with the approval of the Arbeitsministerium. The func- 
tions of the Landesgewerbedrste may be summarized as follows: 

1. To review every case of alleged occupational disease and to decide on the 
causality and the degree of disability (Gutachten). 

In this connection his decision is usually final, but in doubtful situations the 
case may be referred to the home insurance office (Oberversicherungsamt). Since 
all disabled workers receive initial medical care and indemnity from either the 
health insurance company (Krankenkasse) or the accident insurance company 
( Berufsgenossenschaft), the determination of whether an illness is occupational in 
origin is mostly a matter of concern between the Krankenkasse and the Berufs- 
genossenschaft as to who pays. In long term disability, however, it may be impor- 
tant to the worker whether his case is or is not considered occupational in origin. 
In the former instance he receives more money and for longer periods than in the 
Krankenkasse system. Determining the degree of disability in percentage and 
deciding when a case may be considered severe (schwer) occupies most of the time 
of the state industrial physician. 

2. To act as consultant on occupational disease problems to physicians, engi- 
neers, management and labor. 

The Landesgewerbearst also acts as medical advisor to the regional labor offices 
in his Land. 


3. To enforce the medical regulations pertaining to the list of recognized occu- 
pational disease hazards (the list contains 27 occupational diseases—see Appendix 
I). 

In this connection the state industrial physician visits factories, assists in 
appointing plant physicians, reviews the records and in general assumes responsi- 
bility for the prevention of occupational disease. 

4. To advise and cooperate with the Engineering Branch in applying preventive 
measures for known hazards, substances or processes. 

It was noted that: 

1. The Landesgewerbearst has neither the time nor the staff nor the equipment 
to visit factories, make inspections or do investigative work on any new or unproved 
hazard. 

2. Occupational disease hazards are for the most part brought to his attention 
through the reporting of alleged or proved cases of occupational disease. The law 
requires all physicians suspecting the presence of an occupational disease to report 
it to either the health insurance company (Arankenkasse) or the accident insurance 
company (Berufsgenossenschaft), with a copy of his report going to the state 
industrial physician. 

3. The state industrial physician has no clinical facilities for examining patients 
but must depend on the reports of other physicians. Most of his decisions are 
arrived at only by evaluating reports and not by personally examining the patients. 
There are several notable exceptions to this in that Professor Koelsch in Munich 
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and Dr. Nuck in Hannover have clinical facilities (/nstitute fiir Arbeitsmedizin) 
where doubtful cases can be studied. Dr. Carow in Land Bremen and Dr, Siebert 
in Berlin have at their disposal the clinical facilities of the Health Department. 
Dr. Siebert is also in charge of an occupational disease clinic in one of the hospitals 
administered by the Health Department. 


4. None of the state industrial physicians (Landesgewerbedrzte) have police 
powers but can enter any plant at any time without prior notice to inspect any 
process. State police powers can be called on by obtaining a court order through 
the state prosecutor in cases where owners failed to comply with regulations. 

5. In the absence of any technical facilities for determining doubtful exposures, 
reliance is placed on the truth of statements made by the management as to toxicity 
and quantities of materials used. 


6. In doubtful cases the state industrial physician can request special exami- 
nations, which are paid for by the accident insurance company. 

7. In cases of inadequate or incorrect treatment the patient can be forced to 
accept special consultant service through the accident insurance company. 

8. None of the state industrial physicians have any concept that their functions 
embrace interest in nonoccupational disease, in the total health of the worker or in 
furthering general public health. 

Engineering Branch (Technische Abteilung).—In the Labor Ministry at Bonn 
and in each Land the engineering phases of accident and occupational disease control 
are a function of the Engineering Branch (Technische Abteilung-Gewerbeauf- 
sichtsamt). This branch works in close cooperation with the Landesgewerbearst 
but is administratively separate. 

The following facts are noteworthy : 


1. All members are graduate engineers whose basic function is the enforcement 
of the regulations and ordinances pertaining to hazardous conditions in plants. 

2. Routine plant visits are made as staff and time permit. Reports of serious 
injuries and accidents are usually followed up immediately. 

3. The engineers do not specialize on types of hazards, e. g., fire, accidents, 
etc., but are assigned to specific industries, e. g., metals, ceramics, etc. In small 
areas like Bremen and Berlin they are assigned to districts and cover all types of 
establishments within their areas. 

4. Their work is entirely administrative. They have no technical or scientific 
facilities or equipment. 

5. They have the same power of entry of factories as the state industrial physi- 
cian and exercise police powers through the state prosecutor in the same way in 
cases where managements fail to comply. 

6. Technical advice is obtained from the Technische Ueberwachungsverein. 
This organization which has semiofficial status (it functions as the scientific and 
technical branch of an official government agency—the Arbeitsministerium) is 
established, paid for and controlled by employer groups (Arbeitgeberverbande). 

It is worth commenting that: 


1. The Engineering Branch is essentially interested in enforcing legal ordinances. 
It does not offer any technical assistance to establishments which are visited but 
acts essentially as policemen with engineering degrees. 
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2. Interest in safety education is very superficial—many of the engineers stated 
it was outside their “field of competence.” In only one area (Berlin) did the 
Engineering Branch publish and distribute safety educational material. In this 
case the cost of printing was defrayed by the accident insurance company ( Berufs- 
genossenschaft). In other Lander safety education is done only by the Berufsgenos- 
senschaft, which directs most of its material at the apprentices (aged 14 to 17) in 
the various trades. 

3. No national or local voluntary safety organization exists (except for a 
technical group—Verein Deutscher Revisions Ingenieure—all employees of the 
Berufsgenossenschaften). Officials (Beamte) of the Labor Ministry meet once a 
year to discuss administrative matters, but the average engineer has no opportunity 
for postgraduate training or exchange of ideas. 


MINIsTRY OF INTERIOR 

The Health Department is located in the Ministry of Interior. Neither in the 
Bund (i. e., the Western Zone) nor in the Lander are there any divisions of indus- 
trial hygiene, since industrial health is considered a function of the Labor Ministry. 
However, health officials are supposed to cooperate (mitwirken) with the state 
industrial physician (Landesgewerbearst), to report industrial hazards, if known, 
and to assume responsibility for neighborhood health when an industry is alleged 
to be a nuisance or a danger to the community. 

All the health officers of the Lander deplore the fact that industrial hygiene is 
not part of their functions. They all insist nevertheless that in view of the long 
background of industrial medicine in the Labor Ministry it would be impossible to 
relocate it in the Health Department of the Ministry of Interior. Suggestions had 
been made to bring the Landesgewerbearst into the Health Department, e. g., in 
Hessen, but the matter was not pressed. In Bremen and Berlin, because of their 
small size, the Landesgewerbearst is under the administrative direction of the health 
officer but his functions in no way differ from those of a Landesgewerbearst located 
in the Labor Ministry. 


Accipent INSURANCE COMPANIES 

Workmen’s compensation insurance in an accident insurance company must be 
carried for all gainfully employed. Accident insurance companies ( Berufsgenossen- 
schaften) are organized in four large associations. 

1. Industrial Accident Insurance Association (Gewerbliche Berufsgenossen- 
schaft) representing 35 different groups of industries. All firms in each industrial 
group, e. g., textile, are insured in one insurance company. 

2. Agricultural Insurance Association (Landwirtschaftliche Berufsgenossen- 
schaft). Each of these companies is organized in a geographic area. There are 
10 such carriers. 

3. Community Accident Insurance Association (Gemeinde-Unfall-V ersicher- 
ungs-V erbdnde). Each of these is organized for a state or for a county and covers 
the employees in government and community enterprises which do not fall in the 
industrial and agricultural groups. 
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4. Executive Accident Insurance Association. An association organized for 
each Land and for the German postoffice and railroads. 

All insurance carriers are supervised by the Labor Ministry, which has jurisdic- 
tion of administration and appeals. In the various Lander there are senior insurance 
offices (Oberversicherungsdmter) which hear appeals. 

Separate accident insurance companies exist for the mining industry (Bergbau- 
Berufsgenossenschaft). 

Employers pay the entire cost of accident insurance, which is estimated to be 
about 2 per cent of wages on the average. 

Accident insurance benefits include indemnity for loss of wages, medical benefits 
and death benefits for widows and dependents. (Details are not given in this 
report. ) 

Accident insurance companies do not maintain their own hospitals but they 
control the conditions under which medical services are given. Cases of special 
trauma and occupational diseases are referred to specialists in hospitals designated 
by the insurance companies. In cases in which the injury or the illness is minor, 
it appears that the companies permit patients to be treated by their own physicians. 

No published statement could be obtained indicating the total premiums paid for 
this type of insurance, nor could figures be obtained on the percentage of moneys 
collected which is paid out for prevention. On information from various sources it 
was estimated that about 0.02 per cent of moneys expended is for prevention. 

The major responsibility for the prevention of industrial illness and accident 
rests with the insurance companies. However, their main function is to collect 
premiums and to administer these funds properly according to law. While preven- 
tion is theoretically rewarding, to the individual plant there is no financial incentive 
to make serious efforts or expenditures for prevention, since premiums are based 
on the type of industry rather than on individual plant experience. (There are 
some exceptions ; e. g., individual rating plans are said to exist in the electrotechnical 
industry). A plant has to be exceptionally bad to be penalized for accident hazards 
and, conversely, receives no reduction in premium for a good experience. 

No insurance company carries out an extensive program of safety education. 
The Industrial Accident Insurance Association (Gewerbliche Berufsgenossenschaft ) 
publishes a monthly bulletin, some literature, posters and pamphlets. Most of the 
material, however, is for the safety education of apprentices. 

No insurance company expressed the slightest interest in the general health of 
the worker or in sickness-absenteeism as a labor management problem. 


NONOFFICIAL AGENCIES 
WERKAERZTLICHE ARBEITSGEMEINSCHAFT 

This organization is the industrial physicians’ professional society. It was estab- 
lished in 1948 and holds a meeting once or twice a year. Its purposes are scientific 
and the furthering of the interests of the industrial physicians. There are approxi- 
mately 150 members, most of them employed full time in the large chemical, steel, 
automotive and similar industries. These doctors are not members of the Kranken- 
kasse system and most of them do not carry on a private practice. 

Before the war the only organization of this kind was limited to the physicians 
of I. G. Farben. This was discontinued in 1945. The present Werkdrstliche 
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Arbeitsgemeinschaft has taken the place of the 1. G. Farben organization and is open 
to membership to any full or part time industrial physician. 
physicians, however, are members of this group. 


Very few part time 


In establishing the organization in 1948 an agreement was made between the 
employers, the labor unions and the industrial physicians to serve as the basis for 
their functions and duties (see Appendix III). By the terms of this agreement the 
functions of the physicians are limited essentially to (1) physical examination of 
workers applying for hazardous occupations and (2) first aid for all industrially 
injured or ill. The need for such an agreement appears to be an aftermath of the 
war, the industrial physicians apparently not enjoying the confidence of the workers, 
since many of them misused their profession on behalf of the employers to further 
the war effort. 


DeutscHe GESELLSCHAFT FUR ARBEITSSCHUTZ 

This organization is the only one in Germany which can be considered a volun- 
tary community group interested in the health and safety of workers. It has been 
stated that over 100 corporations and 150 individuals are members and represent 
industry, engineering, medicine, government and labor. 

The objectives of the organization are as follows: 

1. Publication of a journal on industrial medicine. 

2. Publication of monographs on various subjects. 

3. Maintenance of a library on industrial safety. 

4. Organization of two safety meetings a year. 

5. Advice on legislation regarding industrial hazards. 

6. Encouragement and subsidies for solution of special problems. 

7. Maintenance of a museum of industrial safety. 


It was noted that this group has never and does not intend to collect any 
statistics on accidents and occupational diseases. They have no interest in general 
safety education but only in specific technical problems. They are currently working 
under a severe handicap, since their entire library was destroyed. Before the war 
foreign literature was abstracted, and resumption of this service is planned. Publi- 
cation of the journal Zentralblatt fiir Arbeitsmedizin, which was discontinued in 
1943, will, it is expected, be resumed within a month. 


West GERMAN CHAMBER OF PHYSICIANS 

Dr. Oelemann, director of the West German Chamber of Physicians, and several 
private practitioners were interviewed with regard to their part in the practice 
of industrial hygiene. Private practitioners are entitled to treat workers who are 
injured or ill from industrial causes. The industrial physicians are not supposed to 
treat such patients but are to refer them to their private physicians. 


severe injury or illness the patient may be referred by the accident insurance doctor 


In cases of 


(Vertrauensarst) to a specialist for diagnosis and treatment. The determination as 
to whether a worker is able to return to work is a function of the private physician. 
In case the latter disagrees with the industrial physician as to the worker’s recovery 
the V’ertrauensarst makes the decision. 
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It was interesting to note that if a worker’s case comes under the health 
insurance system (Krankenkasse) his private physician receives only a stipulated 
amount (capitation fee). However, if it is an industrial case the private physician 
is permitted to charge per visit. However, in most instances after the first or the 
second visit the accident insurance company refers the patient to its own doctors. 
Private practitioners have no means of bringing their knowledge of occupational 
diseases up to date. 
PLANT VISITS 


Entry into all plants was obtained through the Landesgewerbearst, who in most 
instances acted as the guide. Commercial establishments and service industries 
were not visited, as inquiry revealed that they had no medical services of any kind 
except first aid. Both large and small establishments were inspected, and their 
medical procedures were examined in detail. The following observations summarize 
the result of these visits. 

1. Full time physicians are employed in relatively few plants, even among those 
employing thousands of workers. Those that are employed are all in large factories 
with known occupational hazards, particularly large chemical works, steel mills and 
automotive plants. The functions of the full time doctors are essentially threefold. 

(a) They make physical examinations according to regulations specified by the various 
ordinances controlling occupational disease hazards and apprentice labor. 


(b) They render first aid for all injuries and refer the seriously injured or ill as directed 
by the insurance carrier. 


(c) They administer first aid for minor nonoccupational conditions. It appeared that 
relatively few workers avail themselves of this service. 


This is in accordance with the agreement established between employers, workers 
and the industrial physicians as noted previously (see Appendix III). Only one of 
the plants visited (Opel) with full time medical personnel had any interest in going 
beyond these functions. 

2. First aid is usually highly developed, and elaborate dispensaries are staffed and 
maintained. These include in many instances in-plant roentgen examinations and 
the use of numerous physiotherapeutic devices, as well as hydrotherapy. 

3. There is little evidence that the plant physicians have any functions in regard 
to the broader aspects of worker health, e. g., health education, nutrition, environ- 
mental control, employee-management problems, etc. 

4. Administratively, in the large plants the medical departments are located in 
the social security (personnel departments ). 

5. The decision of the physician regarding suitability of employment is final in 
the case of workers and salaried employees. The standards set for work are at the 
discretion of the work physician. In view of the overabundance of labor in Germany 
only the most able-bodied find employment in the large organizations. 

6. Record keeping is excellent and accurate, and, for the most part, records 
are kept confidential in the medical department. 

7. In no instance was an industrial hygienist employed. This was true even in 
large plants like I. G. Farben with multiple and complex chemical hazards. Toxi- 
cological problems are handled by the research laboratories of the respective plants. 
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8. Industrial nurses receive no special training, nor do facilities exist anywhere 
for such training. Industrial nursing is not recognized as a special field, and there 
are no national or local organizations of industrial nurses. Most of the plants 
hire their nurses through a “mother house” (./utterhaus), although in some cases 
independent nurses are employed. The trade-unions insist on trained. help, but 
the level of training of the staff does not go beyond first aid in most instances. 

9. Most of the first aid is carried out by first-aiders (Sanitdter) who are espe- 
cially trained by the Red Cross or who have had army experience. 

10. In some of the large plants safety engineers are employed. However, it is 
only in the occasional plant that there is an organized safety program. In spite of 
assurances that workers obey all safety regulations, plant inspections reveal that 
infractions are frequent, e. g., failure to wear safety glasses or protective cloth- 
ing, ete. 

11. Part time physicians are employed only where a known occupational disease 
hazard occurs. This physician carries out the medical program as prescribed by 
law but rarely goes beyond this function. He is usually selected by the plant man- 
agement but must have the approval of the Landesgewerbearst, who supervises 
the quality of his work and reviews his records. 


EDUCATION 


Visits were made to several universities to determine the status of undergradu- 
ate, graduate and postgraduate education in the field of industrial hygiene. 

Before the war industrial hygiene was taught at only a few universities and is 
presently being taught in the American Zone at the universities of Frankfurt, 
Munich and Erlangen. Most of the teaching is in the hands of the Landesgewerbe- 
drzte who hold the title of professor in some of the universities, notably Professor 
Koelsch at Munich and Erlangen and Professor Bethke at Mainz and Frankfurt. 

The typical curriculum for undergraduate teaching, e. g., that at the University 
of Frankfurt, is a required course of 1% hours a week for one semester in the fourth 
year. This course consists of lectures and field trips and is conducted by one of the 
assistant professors with no special training in this field. A voluntary course of 
two hours a week for a semester is given in the fifth and sixth years by Professor 
Bethke (former Landesgewerbearst of Hessen). All clinical lecturers are supposed 
to present cases of occupational disease, but there is no coordinated program. 

There are no graduate courses in Germany leading to a degree in any phase of 
industrial medicine. The only postgraduate teaching in the field consisted of a two 
month course given by Professor Koelsch in Munich six months ago. This course 
was taken by 35 doctors (mostly Werkdrste) and lasted two months. It was the 
only postgraduate teaching in this field that had taken place in postwar Germany. 

It is apparent that only through the efforts of the more aggressive Landes- 
gewerbedrste did some organized teaching in industrial medicine develop. This 
development seems to be the result of the energy of the individual Landesgewerbe- 
arzt rather than of the needs of the community. The teaching is limited to occu- 
pational diseases, and no lectures on the broader phases of industrial medical 
administrative practices, preventive medicine, nonoccupational sickness-absenteeism, 
etc., are given or ever have been. 
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LIBRARIES 


A survey was not made on the status of industrial hygiene literature in the 
medical and general libraries. However, conversations with several consultant 
librarians indicated that few books and periodicals on this subject are available 
in the general libraries. 

Every Landesgewerbearst is attempting to rebuild his own library, as most of 
them have been partially or totally destroyed or lost. Land Hessen and Wiirt- 
temberg-Baden have practically no literature on this subject. Professor Koelsch 
has the most complete library, including foreign periodicals, since he was able to 
retain almost three quarters of his books and papers. Professor Baader in Hamm 
has a very extensive collection which he moved from Berlin. In Bremen a modest 
collection, chiefly of German literature, exists, and this is also true at the Robert 
Koch Institute in Berlin. The Deutsche Gesellschaft fiir Arbeitsschuts stated that 
its entire library was burnt. The Staubforschungs-Institut, at Bonn, and the 
Silikose Forschungs-Institut, in Bochum, have only a few scattered periodicals. 

It was noted that the Germans in 1943 stopped publication of all their journals 
on industrial hygiene, Das Zentralblatt fiir Arbeitsschutz, Archiv fiir Gewerbe- 
physiologie and Staub. The resumption of publication of all these journals is 
being planned, and this month the first postwar issue of Staub appeared. The 
paucity of foreign literature is not due only to war’s destruction, as subscription 
for American, English and French literature was discontinued about 1935. The 
latest issue of an American journal was noted in the Robert Koch Institute as of 
the year 1937. 

A number of new books on industrial hygiene have appeared since the war. 
These are essentially compendiums of medical literature concerning the subject and 
do not contribute anything new. Among the authors are Koelsch of Munich, Hol- 
stein of Berlin (Eastern Zone) and Lutz of Stuttgart. No German book on 
engineering or chemical analysis practices in industrial hygiene is available. 

Material for the health education of industrial workers does not exist any- 
where in Germany. It was never created or subscribed for from foreign sources. 


RESEARCH LABORATORIES 


All the research laboratories interested in industrial hygiene now existing in 
Western Germany were visited. 


ForscHUNGs-INSTITUT 


At Bochum is the Silikose Forschungs-Institut, a research laboratory supported 
by the Bergbau-Berufsgenossenschaft and interested only in silicosis. Connected 
with this institute is a clinical hospital for disabled miners. 

The institute is divided into two divisions: chemical and engineering, each 
operating separately under the director. The laboratory is in a most elementary 
state, with few facilities, a poor library and inadequate equipment. The work of 
the engineering division is centered around the testing of the efficacy of dust masks 
and the development of engineering methods to allay dust. The medical program 
centers around the evaluation of miners’ disabilities and methods of treatment. In 
addition, the medical division intends to coordinate the program of preemployment 
and periodic roentgen examination of all miners. This program is being only 
partially carried out at present. 
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The work of the engineering section may be compared to the functions of the 
Bureau of Mines of the United States Department of Commerce. The medical 
program is in charge of a physician with very limited training in industrial hygiene. 


STAUBFORSCH UNGS-INSTITUT 

This research laboratory is sponsored and paid for by the industrial insurance 
association (Hauptverband der gewerblichen Berufsgenossenschaft). It was 
formerly in Berlin and is being rebuilt in Bonn. It is under the direction of a 
research chemist who is presumably interested in all mineral and toxic dusts but 
particularly in methods of chemically precipitating dust in the air. The laboratory 
is in an elementary state with little equipment. There are no field instruments, and 
the knowledge about atmospheric pollution is elementary. It is the responsible 
agency for publication of the journal Staub. 


Rosert Kocu INstTItuTE 


The Robert Koch Institute, in Berlin, was the major research institute of Ger- 
many and is sponsored and supported by the Health Department. There is a 
division of industrial hygiene where a physician, an engineer and a chemist work 
under the direction of a chemical engineer. It was noted that the laboratories 
were essentially set up for chemical analysis. No experimental work is being carried 
out on animals. At the present time the major interest is in the percentage of 
quartz in rubble. The engineer is chiefly interested in heating, light and ventilation 
but has little knowledge of plant ventilation for reducing industrial poisons. Another 
section of this institute is devoted to engineering study of air polution. Most of the 
work done is qualitative in nature. 


It is obvious that the state of technical research in industrial hygiene in Germany 
is elementary. There is lack of facilities, equipment, libraries and experimental 
animals. With the exception of the Robert Koch Institute there are no officially 


sponsored research groups, nor are there any privately endowed or university 
laboratories. 


RUHR 


The Ruhr mining industry represents a special problem in the field of industrial 
hygiene. Over 400,000 workers are employed, and more than half of them work 
underground. Of interest from an industrial hygiene standpoint are the following 
observations. 


1. The mining industry is organized under a special mining accident insurance 
company, Bergbau-Berufsgenossenschaft. This company supports two hospitals, 
one in Bochum and one in Gelsenkirchen-Buer, and a silicosis research institute 
at Bochum. 


2. It is estimated that the contributions made to the mining accident insurance 
company amount to 8.4 per cent of the total wages. 

3. All accident prevention is carried out by the accident insurance company, 
which collects statistics, makes safety inspections and does a certain amount of 
safety education chiefly among the apprentices. At the present time the company 
is attempting to establish entrance and periodic physical examinations, which include 
roentgen examination of the chest. This is being done for the major part of the 
industry, but the program is not complete. 
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4. There is a sickness and old age insurance fund—the Knappschaftskranken- 
haus. Workers’ contributions equal 11 per cent of the wages, to which employers 
add a sum equal to 17.5 per cent of the payrolls. Besides medical benefits there 
are many others, including those for dependents, widows, invalids and the aged. 


5. At some of the mines, in addition to a first aid room, there are clinical facil- 
} ities with x-ray and physiotherapeutic equipment. Ultraviolet radiation is offered 
; in some mines, and in some instances the dispensaries (Gesundheitshduser) are 
available to the miners’ families. Many of the large mines have a physician on 
full time basis (22 employ a full time and 19 a part time physician). 

6. There is a central office which attempts to provide employment for disabled 
miners. There is also a great deal of interest in attempting to create small industries 
where disabled workers, especially those with silicosis, can be employed. 

We have noted previously in this report that silicosis is more important than 
accidents as a cause of disability in miners. There is a tremendous backlog of par- 
tially and totally disabled workers, and for this reason recruitment of new workers is 
increasingly difficult. It was not possible to evaluate the effectiveness of present 
preventive methods, but in general it appeared that not enough weight is given to 
control of the dust hazard. Most of the interest in miner welfare still centers about 
compensation benefits. 


COMMENT AND SUMMARY 

The practice of industrial hygiene in Germany is different from that in the 
United States. In the United States industrial hygiene embraces the prevention 
of industrial accidents and illness as well as the maintenance and improvement of 
worker health. In Germany it is based on the rendering of expert opinion (Gutach- 
ten) in cases of occupational disease by the Landesgewerbearzt. This function of 
industrial hygiene is comparable to our workmen’s compensation system, which, 
while important, is only a fragment of the total picture of worker health. 

In Germany worker health is synonymous with control of occupational dis- 
ease, and this control is dependent on a series of laws which regulate the frequency 
of physical examination. The engineers also enforce a series of regulations, but 
engineering is entirely separate from medicine, and while they presumably work 
cooperatively, each group stays within its “field of competence.” The engineers 
have no equipment, laboratories or training to enable them to determine degree of 
hazard adequately. There are no modern field instruments for engineering evalu- 
ation of atmospheric contamination; e. g., a midget impinger could not be found 
in Germany. There are no codes or ordinances regarding the permissible degrees 
to which the air of workrooms may be contaminated with known poisons, and the 
interpretation of “occupational hazard” is purely a qualitative one. Engineers are 
industrial specialists rather than experts in the control of specific hazards such as 
occupational diseases, fire, etc. Specialists concerned with such matters do exist 
but do not actively function as field personnel. 

Failure to provide safe and healthful working places is not penalized by any 
increase of the employer’s insurance cost or through workers’ grievances. Safety 
technics are of low standard. There is only one voluntary safety association, and 
its point of view is extremely narrow. Community participation in safety, e. g., 
the city safety council, does not exist. In Germany the accident insurance com- 
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panies are noncompetitive and are organized on an industry basis with semiofficial 
status. The individual plant is rarely penalized and practically never receives a 
monetary reward for money spent on safety and preventive medicine. 

Labor has a token voice in that it is represented in health councils and in labor- 
management groups. However, union leaders are limited in their understanding of 
what can be done. There is no education on the dignity and worth of the individual, 
no teaching that he has a right to be protected against illness and not only to be 
cared for after he is made ill, and that proved methods, including engineering 
technics, are available. 

Teaching is limited to a few lectures in a few universities. There is no oppor- 
tunity for graduate training or for the upgrading of the private practitioner or 
the industrial physician. Library facilities are at a minimum, and most of what exists 
is personally owned. Research laboratories have inadequate facilities and inade- 
quate staffs, and these limit their view to a narrow range of problems. There are 
no federal or state departments which train personnel, stimulate education, provide 
health material or act as coordinator on industrial health activities. 

Such aspects of industrial hygiene as employee morale, sickness-absenteeism, 
rehabilitation, selective placement, etc., are considered interesting but not basically 
within the range of industrial hygiene. Industry apparently has never had presented 
to it the benefits to be derived from positive programs, and conferences on industrial 
hygiene are generally limited to technical subjects. Community meetings were 
never, or hardly ever, held where the general public, the professions, industry and 
labor might participate. 

German laboratories and libraries are badly in need of personnel, facilities and 
equipment. While their present state to some degree is an aftermath of the war and 
the National Socialist regime, most of the deficiencies in industrial hygiene reflect 
the traditional thinking of German industry, medicine and labor. 

The outstanding need in Germany at the present time is a program of education 
for industry, workers, community and the professions regarding the value of indus- 
trial hygiene practices. They must be educated that preventive medicine is aimed at 
the preservation of one of the basic rights of the individual, i. e., his health. They 
must be shown that the cooperative action of many skills is necessary and that 
individuals and groups must voluntarily initiate, develop and support programs of 
prevention and education. They must also be shown that preventive medicine is 
economically beneficial to the industry, the worker and the community. They must 
be taught that dependence on a health and accident insurance system does not solve 
the problem of sickness. 


The active development of a program of industrial hygiene would make the 
adult worker aware of his own dignity and worth. It would also ease the burden 
on the present top-heavy insurance system by reducing the costs of death, sickness- 
absenteeism and partial and total disability from occupational injuries and illnesses. 
Industrial hygiene is an excellent medium by which to teach cooperation and under- 
standing through mutual action of the workers, the employers, the physicians and 
the community as they press toward the acceptable goal of better health for the 
workers. Lastly, it would make Germany economically more secure by helping 
workers become more efficient, more productive and happier through better health. 
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APPENDIX I 


List of Occupational Diseases Which in Social Insurance Are Considered Equivalent with 
Occupational Accidents. (Additional promulgation of ordinance dated April 27, 1950, Code 
1950.) 


Occupational Diseases and the Nature of the Industries with Which They are Associated* 
No. 
Disease caused by 
lead or its compounds 
cadmium or its compounds 
phosphorus or its compounds 
mercury or its compounds 
arsenic or its compounds 
manganese or its compounds 
beryllium or its compounds} 
benzene or its compounds 
nitro- and amino- compounds of benzene, its homologs and their derivates 
methanol 


nitric acid compounds 


halogenated hydrocarbons 
carbon disulfide 


hydrogen sulfide 


w to 


on 


carbon monoxide 


_ 
an 


Diseases of the teeth caused by acids 


Diseases caused by roentgen rays and radioactive elements 


Skin cancer or similar precancerous changes of the skin caused by soot, paraffin, tar, 
anthracene, pitch and similar substances 


Cancer or other tumors, as well as morbid changes of the urethral mucous membrane, 
caused by aromatic amines 


t 


Occupational skin diseases which make change of occupation or the termination of 
employment necessary 


Diseases produced by repeated shocks as a result of the use of tools operating with 
compressed air or similar tools and machines 
Bone fractures caused by fatigue 


to 


w 


Diseases caused by working in compressed air 


> 


Diseases of the joint bursae (bursitis) due to permanent pressure or permanent shock 
suffered by the affected parts of the body 


Chronic diseases of the tendons, the tendons and their muscles, the ligaments and the 
meniscus insertions 


nN 
un 


td 


Paralysis of nerves exposed to pressure 

Diseases of bones, joints and ligaments caused by fluorine compounds (fluorosis) 

Dust disease of the lungs (silicosis, silicatosis) diminishing the capacity to breath and 
impairing the circulation, or associated with pulmonary tuberculosis (active) 


Asbestosis with diminished capacity to breathe and impaired circulation or associated with 
cancer of the lungs. 


* 1-29: all enterprises. 


FWith the exception of skin diseases, which rate as occupational disease only so far as 
they are symptoms of a general illness resulting from the action of noxious substances absorbed 
into the body or are to be indemnified as per no. 20. 
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Cancer of the lungs 
Establishment producing alkaline chromates and chrome colors 

Diseases of the lower parts of the respiratory system (trachea and lungs) caused by slag 
Slag fertilizer mixing enterprises, and those which store and ship Thomas slag 
dust—all enterprises 

Diseases of the lower parts of the respiratory system caused by aluminum and its 

compounds 

Schneeberger’s lung disease 
Ore-mining enterprises in the Erzgebirge, a mountain range on the frontier 
between Saxony and Bohemia; metallurgical industries; weaving mills 

Deafness or impairment of hearing (otitis interna) caused by noise 

Cataract 
Enterprises which produce and work up glass, metallurgical enterprises, enterprises 
of the chemical industry 

Damages of the cornea caused by benzoquinone 
Enterprises which produce and work up glass, metallurgical enterprises, enter- 
prises of the chemical industry 

Nystagmus of miners 
Mining enterprises 

Worm disease of miners caused by Ancylostoma duodenale or Strongyloides stercoralis 

(Anguillulla intestinalis) 

Communicable diseases 
Hospitals, including lying-in hospitals, medical and nursing establishments and 
other institutions, such as health resorts; furthermore, welfare institutions and 
activities of the “public and free” type; health departments; taboratories occupied 
with research and experimenting in natural sciences and medicine 

Leptospiral jaundice, brucellosis (Bang’s disease), gangrene of the spleen, and other 

diseases which can be transmitted from animals to men 
Keeping of animals, as well as activities which bring workers into closer or closest 


contact with animals, animal parts, products or secretions and are likely to lead to 
disease. 


APPENDIX II 


Ordinances in Which Control Physicians Are to Be Selected by the State Industrial Physician 
( Staatl.Gewerbearst) 


Date of Ordinance 


June 16, 1905 
May 6, 1908 Production of batteries Monthly 
Jan. 27, 1920 Lead and its compounds—Reich Code 1920, p. 109 Quarterly 
March 26, 1930 Employment of workers under 18 years of age and  Half-yearly 


Subject Interval 


Lead mills—Reich Code, p. 545 Monthly 


female workers in rolling mills and ironworks—Govt. 
Bull. I, 1930, p. 104 


May 27, 1930 Protection against lead poisoning at painting Half-yearly 
May 29, 1935 Working in compressed air—Govt. Bull., p. 725 Yearly 
Dec. 23, 1938 Employment of minors in the iron-producing industry Half-yearly 


—-Govt. Bull. I, 1932 


Dec. 23, 1938 Glassworks, Govt. Bull. I, p. 1961 Half-yearly 
Chromolithography powder colors—Govt. Bull., 1923, Quarterly 
p. 18 

Feb. 7, 1941 X-rays Half-yearly 

May 6, 1949 Benzene—GBVL.Hesse, p. 39 Half-yearly 
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APPENDIX 


Agreement 


Between the Association of the Employers, the German Trade-Unions, and the Association 
of Industrial Physicians on Industrial Medical Services. 


1 


The services of the industrial physician are recognized as an important means of strengthening 
and improving the protection of the work and health of the working population. 


2 


The Association of the Employers pledges itself to recommend to its members the employ- 
ment of industrial physicians according to size and kind of plant. 


3 


The medical services in the plants will be carried out by qualified full time or part time 
physicians. If the volume of work in one or more plants requires a full time industrial 
physician, such full time industrial physician should be employed. 


4 


(a) It is the function of the industrial physician to regulate and survey continuously the 
medical and social conditions in the plant according to its special requirements, to advise the 
management and the industrial council of the plant on all pertinent questions, and to take care 
of the employees at work and for the work. His functions further include medical services in 
urgent cases for employees capable of work, if necessary, in the interest of the plant and its 
members. The use of these medical services is voluntary. 


(b) The industrial physician should give first aid and treatment for accidents and occupa- 
tional diseases occurring in the plant. 


5 


(a) The management in agreement with the industrial council employs and dismisses the 
industrial physician. The Landesgewerbearst should be consulted in advance. 

(b) The industrial physician is responsible to the manager of the plant or his substitute; in 
his professional capacity, however, he is responsible only to his own conscience as physician. 
In plants with several industrial physicians, one chief physician should be selected, the other 
industrial physicians working under his direction. 

(c) The rights and functions of the industrial physician will be determined in a written 
contract between the management and the industrial physician. The contract should contain 
regulations regarding salary, vacation, insurance, period of notice and the substitute of the 


industrial physician. It should further secure the independence of the industrial physician 
concerning his medical activities. 


6 


The industrial physician is a licensed physician. With the agreement of the plant, he can 
also carry on a private practice. 


7 


A physician approved in Germany can become an industrial physician if, after having 
passed his state medical examination, he has carried on at least three years’ activity (of these 
at least two years clinically) and has proved his qualifications as an industrial physician as 
well as adequate medical knowledge and education for these services. 
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8 
(a) The expenses for the medical services are met by the plant. If the services are extended 
to several plants, the plants in question will share the expenses. 
(b) The staff, facilities and equipment required by the industrial physician for carrying out 
his functions are to be provided by the plant. 


9 


The Association of Industrial Physicians pledges itself to establish an agency for industrial 
physicians which will be concerned with the preparatory education and continuous education 
of such physicians according to the statutes. 


10 


For the carrying out of this agreement a working committee will be set up consisting of 
the Association of Employers, the German Trade-Unions and the Association of the Industrial 
Physicians. 
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New Instruments and Technics 


A SMALL SELF-CONTAINED LABORATORY FOR RADIOISOTOPE 
STUDIES IN EXPERIMENTAL ANIMALS 


REIDAR F. SOGNNAES, D.M.D., Ph.D. 
AND 
JAMES H. SHAW, Ph.D. 
BOSTON 


HE CONSTRUCTION, cost and operation of a small and relatively inexpensive laboratory 
which was designed for making radioisotope studies in experimental animals and which has 
been in operation for one year are described in this paper. In planning this laboratory it was 
our aim to confine as many phases as possible of the work on radioisotopes to an easily isolated 
and relatively small area. Within this unit we desired (1) to maintain comparatively large 
animals, such as monkeys, for varying lengths of time after the administration of relatively high 
doses of radioisotopes, (2) to perform the variety of operations necessary in connection with 
sample preparations and finally (3) to carry out the more delicate measurements of radioactivity 
in minute tissue samples. 
Under these experimental circumstances we wanted to be able to guarantee, first, that the 
‘e potential radiation hazards occasioned by the radioisotope-fed animals and all phases of the 
radioisotope work could be completely segregated from outside personnel and from other parts of 
the institution; second, that these various phases of radioisotope work could be handled within 
the boundaries of this self-contained laboratory without undue risk to the radioisotope workers ; 
third, that there would be no contamination from the high level radioactivity of an animal room 
kept in close proximity to the low level activity of a Geiger counting room. 


GENERAL ARRANGEMENT 

The radioisotope area is located in a new wing of the Harvard School of Dental Medicine 
which occupies about 3,500 sq. ft. (325 sq. m.) and which is constructed of reenforced concrete, 
largely below ground level. The over-all design of this wing requires a few introductory 
remarks. The portion of the walls above grade and the roof are heavily insulated. All interior 
walls are lined with glazed structural tile. The floors throughout this building are granolithic 
concrete, troweled to a smooth, hard surface and pitched to centrally located floor drains. In 
addition to the radioisotope unit, which will be described in detail below, this building contains 
six animal rooms, a ration mixing room, a combined surgery-laboratory area, adequate clean-up 
and storage facilities and a room for the air-conditioning unit. These various rooms are arranged 
on both sides of a centrally located corridor. The entire building is air-conditioned, and the 
flow of air is adequate to provide a complete change of air every six minutes with no recirculation 
of used air. A thermostat is located in each room to regulate the dampers in the cold and 
hot air ducts whereby a proper air mixture is provided for maintenance of the desired temperature. 
Exhaust air from all rooms, except the radioisotope laboratory, is drawn into a plenum below 
the central corridor and is discharged at the corner of the building through a vertical stack 
which rises about 10 ft. (3 m.) above the adjoining three story infirmary. There are no windows 
in any room except the surgery-laboratory. The lights throughout the building are incandescent 
and are automatically operated by time clocks to provide a day of standard length and intensity. 
In the period of one year’s operation, the over-all facilities have been found to be convenient 
and dependable for all general phases of animal investigation. 

The portion of this building which has been equipped for radioactive isotope work is 
indicated by the floor plan seen in figure 1. The floor space of this unit is 9 by 30 ft. (approxi- 
mately 3 by 9 m.) or approximately 300 sq. ft. (28 sq. m.), which, aside from being elongated 


From the Harvard School of Dental Medicine. 
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in shape, is comparable in size to a small laboratory. Within this relatively small space, we 
have been able to arrange three adjoining rooms: one in which to maintain radioisotope-fed 
animals (room 1, high level activity), seen through the door in the background of figure 2; 
a second room for preparation of animals and tissue samples (room 2, medium level activity), 
shown in the foreground of figure 2 and 3, and a third room for the delicate measurement of 
radioactivity in appropriately prepared samples (room 3, low level activity), shown in the ~ 
background of figure 3. The latter room is the only one with access to the rest of the building 
and is supplied with a special lock and key. 


BASEMENT OF THE RADIOISOTOPE UNIT 


Along the corridor side of the three room area is a basement chamber, 6 ft. wide and 5 ft. 
deep (approximately 2 m. wide and 1 m. deep), which is separated from the working area by a 


Fig. 2.—Photograph taken from doorway between rooms 2 and 3, facing toward room 1. 
Room 2 is in the foreground, with the balance case on the right; the work bench, the chemical 
hood and the stainless steel operating table are located along the left side. The piece of apparatus 
on the work bench was designed for the preparing of thin sections of teeth and bones for radio- 
autographs. Room 1 is seen through the open doorway in the background. On the left is a 
double monkey cage; faintly visible through the glass of the door is a rack with 30 suspended 
rat cages. 


7% in. (19 cm.) thick concrete slab, namely, the floor of the laboratory. This chamber gives 
ready access for routine monitoring of the plumbing from the radioisotope area, and provides a 
convenient and safe storage space for radioisotope samples, standards, animal carcasses and 
other contaminated materials. When short life isotopes are involved, radioactive refuse can be 
left in storage below floor level at the end of experiments sufficiently long for an adequate degree 


of radioactive decay prior to disposal through routine channels. Access to this area is possible 
througk a trap door in the floor of room 3, as indicated in figure 1. 
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FLOORS AND WALLS 

A double surface protection of the concrete floors was achieved by cementing down a thin 
Copper-kraft paper sandwich (3 oz. cop-tex® flashing) with cut-back asphalt, which then was 
covered with mastipave® flooring in 6 ft. (183 cm.) widths. With very few seams to trap 
contamination, it has proved easy to keep the floor clean by routine washing. Because of the 
low cost of the mastipave® flooring, accidentally contaminated floor surface can be replaced, 
if necessary, without any major expense. So far a few accidental spills have been successfully 
removed simply by thorough washing and scrubbing. Unavoidable and minor floor contamination 
of the animal room with urine and feces during catching and handling of the monkeys has been 
completely controlled by routine washing and hosing of the floor. 


Fig. 3—Photograph taken from the center of room 2, facing toward room 3. In the left 
foreground is the balance case. In the background, through the uncased doorway, part of 
room 3 can be seen. On the bench are located the Geiger counter and the lead hood in which the 
Geiger tube is housed. 


Glazed structural tile was chosen as lining for all interior walls because of the ease with 
which it could be cleaned. In the radioisotope area it was planned to cover this tile with a 
strippable plastic coating, but so far this has not proved necessary. 


AIR SUPPLY, FILTRATION AND EXHAUST 
The temperature and the humidity of the entire radioisotope area are maintained by air 
supplied from the main plant of the wing. However, before the air is exhausted from the 
radioisotope unit, it is drawn through two sets of filters and passed to the top of the adjacent 
three story building through a separate vertical stack. 
Approximately 1,000 cu. ft. (28 cu. m.) of filtered, conditioned air is supplied to the area 
per minute. This conditioned air enters the area at three points; a duct into room 1 supplies 
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175 cu. ft. (5 cu. m.) per minute, a duct into room 2 supplies 500 cu. ft. (14 cu. m.) per minute, 
and approximately 300 cu. ft. (8.5 cu. m.) is drawn into room 3 from the corridor through a 
grill in the door. Exhaust air from the area is drawn out by an exhaust fan mounted on the 
roof above the laboratory, and is finally discharged from a vertical lead-coated copper duct 
which extends 4 ft. (122 cm.) beyond the top of the adjoining infirmary building. Air enters 
the exhaust system through a duct located in room 1 at the rate of about 200 cu. ft. (5.5 cu. m.) 
per minute and through a duct from the plenum above the chemical hood in room 2 at approxi- 
mately 800 cu. ft. (22.5 cu. m.) per minute. In each of these ducts, the air is first drawn 
through a preliminary filter (type G, A.A.F.). After the ducts merge, the air is passed 
through a Chemical Warfare Filter type 6 before entering the exhaust fan and vertical shaft. 
The exhaust air from the animal room (room 1) is maintained at a slightly higher rate than the 
intake in order to cause a slight inward seepage around the door and thus reduce the possibility 
of odor and contamination backflowing into the laboratory area. Depending on the level to 
which the hood windows are opened, the air passage through the chemical hood is adequate 
to maintain a linear velocity ranging from a minimum of 100 ft. (30.5 m.) per minute to a 
maximum of 800 feet (244 m.) per minute. No direct connection of room 3 and the exhaust 
system is provided, in order that a heavy flow of air can be maintained from the grill in the 
corridor door across the room, through the passageway between rooms 2 and 3 and then into 
the hood. In this way, it is possible to prevent any air-borne contamination originating in 
room 1 or 2 from reaching room 3, where the radiosensitive scalers are located. 


CHEMICAL HOOD 

In work involving high level activity one is faced with a choice between very elaborate, 
expensive and presumably permanent hoods or hoods constructed from simple, inexpensive and 
hence easily disposable material. For our work we chose to try an intermediate design, numely, 
a semipermanent double hood, shown in figure 2. Made to specification from wood (birch) 
and lined with removable lino-bestos,? the working area in each side is 33%in. (84 cm.) wide 
and 30 in. (76 cm.) deep. The hood windows are provided with stops at the bottom to 
prevent complete closure and thus allow a constant flow of 800 cubic feet (22.5 cu. m.) of air 
per minute. The air is drawn out of a plenum at the top of each half of the hood through a 
10 in. (25.5 cm.) diameter collar which is connected to the air ducts described above in connec- 
tion with the ventilation system. 

At present, shipments of the concentrated isotopes from Oak Ridge, Tenn. are being received 
in the biophysics department of the Harvard Medical School, where a more elaborate concrete 
chemical hood is installed and serves our own and other departments of the Harvard Medical 
Area. This hood has been described in detail elsewhere.1_ For each experiment, an appropriate 
dilution of the isotope is prepared in the more elaborate concrete hood and taken in a con- 
veniently handled lead container to the hood of our radioactive unit in the School of Dental 
Medicine. Here a larger lead box—8 by 16 by 14 in. (approximately 20 by 40.5 by 35.5 cm.) 
with % in. (3 mm.) thick sides—has been installed within the hood for further storage of 
smaller quantities of isotopes and of radioactive animal tissues in process of preparation. 


OPERATING TABLE, BENCHES AND BALANCE CASE 

The stainless steel operating table seen in figure 2 was designed for this particular laboratory. 
The back of the table is 12 in. (30.5 cm.) high to prevent splashing of the tile wall. The table 
top is 17 in. (43 cm.) wide, 47 in. (119 cm.) long and around 1 in. (2.5 cm.) deep and is pitched 
sufficiently to drain into the oblong sink. Hot and cold water are supplied through a curved 
mixing faucet as well as through a flexible tube with a spray attachment. At each corner the 
table top is provided with stainless steel loops for immobilizing the anesthesized animals. All 
corners and edges are welded together, ground and polished to form uniformly smooth joints 
and surfaces. This table serves several purposes: administration of radioisotopes, examination 
and autopsy of animals, and performance of acute experiments. 


1. Solomon, A. K., and Foster, C. A.: A Hood for Work with Radioactive Isotopes, Analyt. 
Chem. 21:304, 1949. 
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On one side of the chemical hood has been installed a work bench with drawers (fig. 2) 
for preparations of samples and for cutting and grinding of sections for radioautography.* 
A balance case is fixed to the wall in the corner closest to the counting room (see fig. 3). 
The only permanent installations in room 3 are a counter with drawers and cupboards and a 
small porcelain sink. All work benches and drawers are constructed from birch wood except 
for the table tops, which are covered with removable lino-bestos.® All working surfaces are 
further protected by waxed paper, which is replaced after each experiment. 


COST OF FIXED INSTALLATIONS 

Aside from the cost of bricks and mortar in the original construction of the animal house, 
the following figures represent expenses directly involved in preparing the area for radioisotope 
experimentation. 

(a) Floors: $170.00. For this amount the concrete floors of all three rooms—270 sq. ft. 
(25 sq. m.) were covered with a copper-kraft paper sandwich and mastipave® flooring, with 
cut-back asphalt being used for the cementing material. 

(b) Air conditioning : $1,100.00. This figure includes a special consultation fee in connection 
with the exhaust system in addition to the purchase and installation of the exhaust fan and ducts. 

(c) Chemical hood: $950.00. This includes design, construction and installation of the 
double hood. 

(d) Operating table: $280.00. This relatively expensive steel construction has proved of 
indispensable value for the various phases of radioisotope work with large animals. 

(e) Balance table and work benches: $600.00. The installation of all woodwork, besides 
being the best of workmanship, involved considerable other labor such as filling all cracks 
on or near working surfaces with putty, especially against the tile walls, in order to provide 
smooth surfaces all over and to prevent any dust traps between adjoining structures. 

The various items listed above represent a total cost of approximately $3,000.00 for what 
may be considered the fixed installations required to adapt the laboratory for radioisotope 
work with large experimental animals. 


MONITORING AND OTHER SAFETY MEASURES 


Once a week and without previous notice the radioisotope area is monitored. All personnel 
wear radiosensitive photographic badges which are tested and changed each week. Once a 
month for the first three months and once every three months thereafter, each member of the 
personnel is given a blood test. 

During the past year the film badges worn by all who are working in the radioisotope area 
have been negative except in one instance. In this case, we believe, the film was exposed to 
radiation outside the radioisotope area when some dental x-rays were taken while the subject was 
wearing the film badge. All the blood tests have given normal results in the course of the first 
year of operation. 

These various safety measures are part of a service carried out by a technically trained staff 
of the New England Deaconess Hospital and are shared with the other departments of the 
Harvard Medical Area involved in radioisotope work. Painstaking as this service is, it has 
benefited us. a great deal. A few examples may be cited. During one experiment the weekly 
monitoring service reported a detailed reading at the surface of a “hot” monkey bone (radioactive 
phosphorus), too hot to be stored unshielded in the hood. Since then we have installed the above- 
mentioned lead box for a safer storage of samples which happened to be in the process of 
preparation. On another occasion two “hot’”’ spots were brought to our attention, one in the hood 
and one on the floor, both presumably accidental drips from a syringe. These areas were 
decontaminated by thorough scrubbing. These examples indicate the need for a radiation survey 
meter in the laboratory, in addition to the above-mentioned monitoring service, in order to 
make immediate checks on suspected spots of contamination and also to make sure of a successful 
decontamination. 


2. Sognnaes, R. F.; Shaw, J. H.; Solomon, A. K., and Harvold, E.: A Method for Radio- 
autography of Specimens Composed of Both Hard and Soft Structures, Anat. Rec. 104:319, 1949. 
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The relatively greatest retention of radioactive material has been found in the cages of the 
animal room. Only brief visits need be made to this area, which otherwise is isolated in that 
it is surrounded by heavy concrete on floor, ceiling and one wall and by the 4 in. (10 cm.) thick 
tile on the other walls. Furthermore, the radiation at the surface of the animal cages is not 
sufficient to reach as far as the door facing the working area in room 2, let alone the counting 
area in room 3, where the delicate Geiger scaler has given consistently normal background counts. 

Readings on the radiation survey meter taken along the drains have shown a complete 
absence of radioactivity. This was to be expected at the level of our operation. In work 
with radioactive phosphorus, with which we have so far been primarily concerned, the Atomic 
Energy Commission regulation states that with appropriate dilution as much as 200 mc. may be 
disposed of through the waste pipes in the course of one week. In view of the fact that an 
average of only 10 mc. of P82 has been required for a tracer study, even in a large monkey, 
and because the completion of such an experiment has taken a week or more, it is obvious that 
only a very small fraction of 200 mc. would enter the waste pipes in the course of one week. 

From the first year’s experience we do not foresee any major problems of contamination or 
any early replacements of fixtures aside from the air filters. These need periodic replacement 
because of dust, whether radioactive or not. During the first year of operation the filters had to 
be replaced once because of dirt, but there has been no evidence of radioactive contamination 
of the filters. 

It is obvious, therefore, that the prerequisites mentioned in the introduction have been readily 
attained. Furthermore, we believe that the precautionary measures will permit higher levels and 
more diverse types of operation than those currently involved. 


SUMMARY 
This paper describes the construction, the cost and the operation of a laboratory for making 
radioisotope studies in experimental animals. The unit is relatively small and inexpensive, yet 
fairly complete for operation on a university level. The facilities required for biological radio- 
isotope work are arranged within a small segregated area so that experiments can be conducted 


from beginning to end without the need of transferring animals, specimens or chemicals to any 
other part of the surrounding building. 


In the elaboration of plans and specifications for this laboratory the authors received valuable 
advice from Dr. A. K. Solomon, of the department of biophysics, Harvard Medical School, and 
Prof. Philip Drinker, of the department of industrial hygiene, Harvard School of Public Health. 
Mr. G. S. Reichenbach and Mr. M. First, of the department of industrial hygiene, worked out 
the detailed blue prints of the exhaust ventilation system and Mr. W. P. Hooper, assistant 
superintendent of buildings and grounds, Harvard Medical Area, prepared all other specifications 
and supervised the installations. The Atomic Energy Commission, under whose contract the 
present radiotracer studies are being conducted, defrayed the cost of the exhaust apparatus of 
the radioisotope unit. 
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Abstracts from Current Literature 


General 


InpusSTRIAL SporotricHosis. L. TuLrpan and E. MusKatsiit, Compens. Med. 3:36 (June) 
1950. 


The case reported is the second in New York state since the inception of the compensation 
law. Trichosis is contracted mostly by agricultural workers, gardeners, florists, berry pickers 
and workmen in grain mills, elevators, etc. The case reported concerns a sewer digger. There 
was quick response to combined aureomycin and potassium iodide. What part the aureomycin 
played is nct known. 


Inpust. Dicest. 


INDUSTRIAL HyGIeNne. INDUSTRIAL HYGIENE Founpation, H. H. SCHRENK, RESEARCH DIRECTOR, 
Indust. & Engin. Chem. 42:81A (Oct.) 1950. 


SELEcTION oF Divers. C. N. G. Atpao, Med. depor. y trab. 15:3390 (June) 1950. 


The plan for selection of divers suggested by Aldao includes examination of the physical and 
practical aptitude of candidates, classification of tasks, periodical examinations of divers and 
hygiene and diet. Special attention is given to susceptibility of candidates to “caissons disease,” 
mental capacity, alertness, and psychic and neuromuscular reactions of candidates when these 
are subjected to tests with decompressed air. 


MENTAL HycGIENE In INDUSTRY: RESULTS AND R. K. Jecn, Wein. Ztschr. f. 
Nervenh, 3:70 (May) 1950. 


According to Jech, mental hygiene in industry comprises psychopathology applied in a social 
sense, applied psychiatry and practical psychology, which likewise should be applied in a social 
sense. The purpose of mental hygiene in industry is the curative treatment of established mental : 
disturbances and the prophylaxis of additional mental trauma. Mental hygiene has to do more 
with environmental prophylaxis than with hereditary prophylaxis. Trauma results from mild, 
often subliminal, insults, which exert a cumulative effect because of their repeated occurrence 
or permanent duration, rather than from severe insults. Work becomes meaningless with pro- 
gressive division of labor. Creative impulses may no longer be elicited. 

Mental hygiene was practiced in two textile plants by a team consisting of the author as 
industrial psychiatrist, a psychologist and a social worker. The author made himself acquainted 
with the work done in the various work shops at great heat combined with 70 per cent humidity 
(required by the process of production) before he opend his psychiatric consultation office. One 
hundred and thirteen persons, 28 men and 85 women, submitted to psychiatric examination. 
Thirty-four had depressions, 13 had hyperthyroidism, 25 had neuroses and 4 were epileptics. The 
main symptoms observed were sweating, palpitation of the heart, agitation, anxiety and head- 
ache. Psychotherapy was combined with administration of sedatives and drugs having a specific 
effect on the neurovegetative system, such as ergotamine preparations. Highly satisfactory results 
were obtained in neurotic headache. Hydantoin derivatives proved effective in preventing epilep- 
tic attacks and in restoring the working capacity of epileptic patients. 

The psychologist subjected the new employees to a psychotechnical examination; suggestions 
for placement were based on the results of this examination. 

The social worker did useful work with respect to the patient’s environment outside the plant. 

Loss of working hours was reduced considerably by the mental hygiene team. 

Regional possibilities for team work in the field of mental hygiene should be created in corre- 
spondence with industrial districts, thus making it economical with respect to time, procedure 
and costs. 


323 


4 
| 
| 
1 
| 
| 
| 
| 
| 
| 
| 
= 
| 
| 
| 
| 
7 
| 
“4 
: 
a 
4 
a 
| 
| 


324 INDUSTRIAL HYGIENE AND OCCUPATIONAL MEDICINE 
Work PLACEMENT or PERSONS WITH DIMINISHED WorKING Capacity Due To RHEUMATIC 


Conoitions. S. Siray and G. NiepEL, Pracovni Lékafstvi 2:169 (Sept.) 1950. 


The authors give standards for evaluating work capacity and work placement of persons 
affected by rheumatic conditions, based on their experience in a department for assessing 
incapacity in rheumatic diseases. They emphasize exact diagnosis, differentiation of the individual 
rheumatic diseases, detection of etiological factors of primary importance and a procedure of 
assessing incapacity. They discuss the individual syndromes which are most frequently met with 
in practice. 

Acute polyarthritis does not usually cause permanent damage to the locomotive apparatus. 
More important in this condition is the changed reactive capacity of the whole organism. The 
assessment of capacity depends on the condition of the heart. Patients with rheumatoid arthritis 
have permanently diminished capacity and the majority need prolonged hospitalization, reeduca- 
tion and occupational therapy. Work must be graded according to the functional ability of the 
extremities and the general condition. 

Primary fibrosis does not cause a permanent decrease in working capacity. In secondary 
fibrosis the degree of disability depends on the primary condition. 

The group of osteoarthroses is evaluated individually. Factors placing a burden on affected 
joints must be removed in each case. With serious arthrotic changes, particularly affecting the 
hip joints, invalidity cannot be avoided, although the last chance lies with the orthopedic 


surgeon. 


ADAPTATION OF ENGLISH SUMMARY. 


Work PLACEMENT OF PERSONS WITH DIMINISHED WorKING CAPACITY IN OTOLARYNGOLOGY. 
Viapimir HiavAcex, Pracovni Lékafstvi 2:176 (Sept.) 1950. 


Changes in the organ of hearing which may be of importance in work placement may occur 
on the lobe of the ear, in the middle ear or in the inrier ear. The most important disease of the 
lobe is eczema, which may require excluding the patient from contact with materials of varying 
origin. Inflammatory changes of the middle ear are related to inflammatory changes of the 
upper respiratory tract. Hearing defects caused by changes in the perception apparatus call for 
removing the patient from noisy work places. There are types of work which should not be 
undertaken by the deaf, the partially deaf or people suffering from vertigo. 

Toxic agents causing damage to the upper respiratory tract through their chemical or 
mechanical action are listed. The worker must be placed in other work, according to the origin 
of the damage. In illnesses in which constitutional factors can be shown to play a part, the 
importance of guidance clinics is stressed. 

Work placement of patients with chronic inflammatory changes in the laryngeal mucosa and 


defects in the sense of smell are discussed. Aparravion Susmany, 


ConbiTions OF Work AND INDUSTRIAL HYGIENE MEASURES IN PRODUCTION OF AND MANU- 
FACTURE FROM CHLOROVINYL Prastics. S. L. Trisuknu, N. P. TikHomrrova, S. V. Levina 
and L. A. Koz.ov, Gigiena (Russian) 10:38, 1949. 


Workers in the process are affected by carbon dioxide and vapor of organic chlorides. The 
most frequent findings is a precipitate on the mucous membrane, in a thin layer, which is difficult 
to remove. Other findings were hyperemia of the upper respiratory passages, chronic bronchitis, 
gastritis and, in two cases, colitis. In all cases there was some degree of anemia. An acneform 
dermatitis was not uncommon. All methods of ventilation so far tried have failed to give adequate 
protection. Appropriate underwear and a special overall for protection of the body should be 
provided. 


CONDENSED FROM Brit. J. INpust. MEp. 


Physiology and Nutrition 


PHYSIOLOGY AND PATHOLOGY OF PERSONS WoRKING ALTERNATIVELY Days AND NiGHTS. W. 
MenzeL, Arbeitsphysiol. 14:304 (Sept. 15) 1950. 


Physical and ‘intellectual work performed at various periods during a day varies with the 
tonus of the autonomic nervous system. The work capacity may be influenced by these variations. 
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Blood pressure and pulse rate were determined every two hours on 279 healthy persons, 210 
men and 69 women, between the ages of 35 and 45, who worked alternatively day and night. The 
change from day to night work and vice versa took place every eight days. 
During the day the blood pressure and the pulse rate values of both men and women were 
within normal limits. In men the systolic blood pressure, the blood pressure amplitude and the 
pulse rate were significantly lower during night work than during day work; the diastolic pres- 
sure was not changed. In women who did light work, the systolic and diastolic blood pressure 
and blood pressure amplitude dropped during the night; the pulse rate did not change. In women 
who did heavy work, the blood pressure was not changed, but the pulse rate was significantly 
increased. Pulse rate and blood pressure were significantly highest in men who did heavy work 
during the hours from 2 p. m. to 10 p. m. 
In the majority of the persons examined, the day rhythm of pulse and blood pressure was 
similar to that of persons who worked and slept during normal hours. That was demonstrated 
most clearly by a graphic presentation of the product of pressure amplitude and pulse rate. The 
fact that the day-night rhythm remains the same with alternative working and sleeping hours 
as with normal working and sleeping hours seems to be significant with respect to the mental 
efficiency and the activity of the digestive organs during the night. The well known day rhythm 
of the alimentary canal does not adapt itself any more to the inversed working and sleeping hours 
than does the circulation. 
Therapeutic trials with various drugs showed that a compound of 0.04 theophylline and 0.036 
ephedrine (peripherin 704 A d,®) given in doses of 10 drops by mouth at 8 p. m. and at 1 a. m. 
seems to be best suited to bring the circulation during the night and during the day to one level 
with regard to blood pressure, pulse rate and specific weight of blood. Even the decrease in 
mental efficiency during the night may be prevented. The effectiveness of this drug should be i 
tested on persons who are doing night work associated with great responsibilities. : 


Oxycen Potsoninc In Man. K. W. Donato, Brit. M. J. 1:667 and 712, 1947. 


The relevant literature is reviewed. Experimental data are grouped under the following 
headings: (1) variation of oxygen tolerance in man on land and under water; (2) time-pressure 7 
relationship for men breathing oxygen under water, and maximum nontoxic depth under water at 
rest; (3) effect of work on oxygen tolerance; (4) effect of temperature on oxygen poisoning ; 
(5) signs and symptoms of oxygen poisoning on land and under water, including an account of 
the off-effect, and (6) investigations to determine pulmonary damage in man, and cardiovascular, 
neurological, electroencephalographic effects, and the toxic effect of oxygen on brain metabolism. 
The relation of oxygen poisoning to epilepsy and the possibilities of further investigations are 
discussed. The danger of breathing oxygen at increased tensions is emphasized. 


A. B. [Cuem. Asst.]. 


Occupational Diseases and Hazards 


Stannic Oxipe Pneumocontosis. Carrot, C. Dunpon and James P. Hucnes, Am. J. 
Roentgenol. 63:797, 1950. 


Dundon and Hughes present the clinical, roentgenological and autopsy observations on a man 
of 72 whose working history indicated that for 18 years (ending in 1930) he had been exposed to 
stannic oxide fumes in detinning operations. An unusual chest roentgenogram shows uniform 
mottling of both lung fields. There were no respiratory symptoms, and vital capacity was 85 per 
cent of normal. The patient had a cancer of the prostate, which was presumably the cause of 
death. Permission to examine the thorax and abdomen was given. The result is a truly remark- 
able description of benign pneumoconiosis, with excellent cuts, and analytical data showing the 
distribution of the SnO., complete absence of fibrosis and no indication of harm to the patient 


from the dust inhalation. Pur Boston. 
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Leap Toxicity: Some OpsERVATIONS AND SPECULATIONS. E. BasKrnp, South African M. J. 
23:955 (Nov. 26) 1949. 


An investigation was made at an electric accumulator factory near Naples in 1945, when all 
conditions of factory hygiene were at a discount and the diet of those employed was disorganized ; 
207 workers of both sexes were watched who with vociferous reiteration declared the entire 
symptomatology of lead poisoning. However, a routine test for lead in the urine sifted the 
affected from the unaffected. All clinical cases of plumbism showed a positive urinary analysis; a 
proportion of workers with symptoms but no clinical signs had lead in their urine; but others 
had no lead in their urine despite a multiplicity of symptoms. No relationship was found between 
the amount of lead in the urine and the severity of the clinical picture. A prior indication of lead 
in the urine always preceded clinical manifestations. The worst clinical cases were those in 
which the diet had been inadequate, and the morbidity was higher among workers who did not 
iake a meal before commencing work. As fresh fruit and vegetables were the only adequate items 
in the diet, ascorbic acid seems to be of little value in plumbism. Inadequacy in fat may possibly 
be much more important; unfortunately, the conditions did not allow this suggestion to be fol- 


lowed up. It calls for further investigation. Apapren From BuL.. Hyc 


GRANULOMAS OF THE SKIN Due To Assestos. H. OLivier, P. Moranp and R. Brun, Arch. 
d. mal. profess. 10:516, 1949. 


A man whose work lay in applying asbestos sheets to lag-heating stoves wounded the palm 
of his left hand. The injury was slight and almost passed unnoticed. A fortnight later he came 
under notice complaining because at the site of the prick a swelling which was increasing in size 
had appeared. There was no inflammation, and the swelling was hard at the center. When this 
core was excised, a small white nucleus was dissected out which was seen under the microscope 
to be formed of needles of asbestos together with a mass of crystalline matter. In order to 
examine this matter, other samples from other asbestos scars were ablated and so 6 mg. was 
obtained for analysis. Then the matter was identified as cholesterol. One point of some interest 
is that this formation of cholesterol would seem to indicate a fundamental and biochemical defen- 
sive process of the body against aggression by asbestos. E. L. Cons [Butt. Hye]. 


ADRENOCORTICAL FUNCTION IN SiLicotics. A. RAuULE and E. Griscer, Med. d. lavoro 41:243 
(Aug.-Sept.) 1950. 


In 6 of 13 patients suffering from simple silicosis and in 8 of 9 who had active tuberculosis 
in addition to their silicosis the Thorn test detected a functional deficiency of the cortex of the 
adrenal gland. The frequency of adrenocortical insufficiency in silicotics is further proved by the 
presence of clinical signs of hypoactivity as well as by histological observations in the adrenal 
glands of workmen suffering from silicosis, and by the fact that the output of the neutral 17- 
ketosteroids has been found lowered in 10 silicotics. The hypothesis has been advanced that 
silicosis may in a certain number of the patients produce some chronic exhaustion of adrenal 


function. 
unctio ADAPTATION OF ENGLISH SUMMARY. 


CLASSIFICATION AND NOMENCLATURE OF DusTs AND OF ORGANIC CHANGES CAUSED BY DusTs. 
A. WINKLER, Miinchen. med. Wchnschr. 92:1113 (Oct. 13) 1950. 


Winkler points out that on the basis of the action of dusts, or better the reaction of tissues 
exposed to them, they can be grouped into slightly active, moderately active and intensely active 
dusts. Although some investigators have differentiated dangerous and harmless dusts, he believes 
that there are no completely harmless dusts, that all of them, if they act on the respiratory tract 
in sufficient density and for a sufficiently long period, will have some harmful effects. 

As to the organic changes, the respiratory lesions can be classified first on the basis of the 
types of dusts that produced them, second on the basis of the nature, the degree and the extent 
of the lesion and third on the basis of the degree of functional impairment. The author differ- 
entiates between “benign” and “malignant” dust lesions. He classifies as benign those which are 
caused by dusts that never produce severe organic lesions and impair functional activity only 
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slightly. The malignant dust disorders are produced by highly active dusts, which cause con- 
siderable functional impairment. Some dusts, such as those from woods, may elicit allergic 
reactions. Concerning silicosis, he shows that seven different forms can be differentiated on 
the basis of the anatomic severity and the pathomechanical and pathomorphological classifica- 
tion. He mentions among other aspects reticulation, nodulation, granulation and induration, and 
also differentiates between mild, moderate and severe forms of silicosis. 


ABDOMINAL ANTHRACOSILICOTIC PHLEBITIS. F. BartAK, Casop. lék. Cesk. 88:1386 (Dec. 2) 1949. 


A woman aged 55 had worked for 19 years at polishing wooden and rubber heels. She had 
suffered with abdominal pains and constipation, and was finally admitted to a hospital with symp- 
toms suggesting suppurative cholangitis ; she died shortly afterward. At postmortem examination 
a mild degree of anthracosilicosis of the lungs was found, with severe involvement of the hilar, 
tracheal, para-aortic, hepatic and splenic lymph nodes. The mesenteric veins were thrombosed, 
and the intestine was gangrenous, as a result of phlebitis caused by coniosis extending from the 
lymph nodes to the walls of the adjacent blood vessels. On microscopic examination of liver and 
spleen, perivascular coniosis with proliferation of fibrous tissue and thrombophlebitis was seen, 
together with similar changes in the lymph nodes, where the pathological process had involved 
the capsule and the walls of adjacent blood vessels, which contained organizing thrombi. Dust 
of carbon and silica which were used in the polishing process had been inhaled and had subse- 
quently passed backward along the lymphatic system to the abdominal organs, which were much 
more affected than the lungs. The unusual distribution of the lesions suggests that blockage of 
the thoracic duct had caused the normal direction of flow of the lymph to be reversed. 


D. J. Baver [Butt. Hye.]. 


Industrial Toxicology 


DETERMINATION OF SMALL AMOUNTS OF CHROMIUM IN HUMAN BLoop, Tissues, AND URINE. 
Paut F. Urone and Hanns K. Anpers, Analyt. Chem. 22:1317 (Oct.) 1950. 


Urone and Anders describe a rapid colorimetric method for the determination of small 
amounts of chromium in human blood, tissues and urine. The method is sensitive to 0.005 mg. 
of chromium per milliliter of final solution. Samples are ashed in borosilicate glass beakers by a 
combination of wet-ashing and dry-ashing methods. The blood and tissue samples are oxidized 
with bromine in alkaline solution. Oxidation of the urine samples is accomplished with sodium 
bismuthate in acid solution. Diphenylcarbazide is used as the color reagent. A clear red-violet 
color is obtained which can be measured colorimetrically or spectrophotometrically. Comparative 
standardization curves and typical analyses are given. 


ADAPTATION OF AUTHORS’ SUMMARY. 


THE ANTICHOLINESTERASE AcTIVITY IN VITRO OF THE INSECTICIDE PARATHION (P-NITRO- 


PHENYL DIETHYL THIONOPHOSPHATE). D. Gros, Bull. Johns Hopkins Hosp. 87:95 (Aug.) 
1950. 


Grob points out that in recent years German chemists have synthesized a number of esters 
of phosphoric acid which have proved to be extremely potent inhibitors of cholinesterase enzymes. 
These organic phosphates include di-isopropyl fluorophosphate (DFP), hexaethyl tetraphos- 
phate (HETP), tetraethyl pyrophosphate (TEPP), and O,0-diethyl O,paranitrophenyl thiophos- 
phate (parathion). DFP and TEPP have found clinical application in a number of situations 
in which cholinergic drugs are employed, including the treatment of abdominal distention, glau- 
coma and myasthenia gravis. HEPT, TEPP and parathion, especially the latter, have been 
employed as insecticides, chiefly in agriculture, and have been more effective than DDT against 
most insect parasites, including mites. 

Grob shows that parathion inhibits human cholinesterase enzymes in vitro, but its activity is 
less than that of TEPP, DFP or neostigmine. All of these anticholinesterase compounds have 
a greater affinity for plasma cholinesterase than for red blood cell, brain and muscle 
cholinesterases. 
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Cholinesterase is inactivated by parathion more slowly than by the other anticholinesterase 
compounds. 

The combination of parathion and cholinesterase is partly reversible for several hours and 
then irreversible. In this regard parathion resembles TEPP, and is intermediate between DFP, 
which rapidly combines with cholinesterase irreversibly, and neostigmine, which combines with 
cholinesterase in a completely reversible manner. When cholinesterase is in combination with 
neostigmine, it is at least partly protected against parathion inactivation. 

Parathion is much less soluble in water than the other anticholinesterase compounds and 
has a greater partition in lipoid than in aqueous medium. It is much more slowly hydrolyzed 
in water than TEPP or DFP. 


Histo.ocicaL STUDIES OF THE EFFECTS OF BERYLLIUM Oxipe (GLUCINE) ON ANIMAL TISSUES. 
A. Povicarp, Brit. J. Indust. Med. 7:117-121 (July) 1950. 


Policard investigated the properties of beryllium to establish the effects of beryllium oxide 
on tissues. Two types of compounds were used, commercial beryllium oxide with traces of 
fluoride impurities and purified beryllium oxide. The tissue aggregations of beryllium oxide 
were demonstrated by aniline dyes, polarized light and microincineration. Beryllium oxide 
dusts were introduced into lung, subcutaneous tissues and peritoneum, and the particles always 
appeared as agglutinated spherical masses. In the presence of fluoride impurities the cellular 
response was histiocytic, as with the fluoride-free beryllium oxide; however, the traces of 
fluoride tended to cause local tissue necrosis. The histiocytic hypertrophy and hyperplasia 
led to formation of characteristic granulomas. The beryllium oxide aggregates were slowly 
absorbed and eliminated, possibly via the histiocytes themselves, but although it has been possible 
to demonstrate beryllium oxide in the kidney and the liver, the intervening stages have not 
been determined. Comar has pointed out that beryllium exerts a stimulating action on the 
reticuloendothelial system; others have shown that beryllium compounds can block the phos- 
phatases, thereby competing with magnesium ions. These studies offer interesting points to 
follow up in the investigation of tissue response to beryllium. Aunoup A. Lear, Boston. 


Tue SIGNIFICANCE OF HEINZ BopiEs IN THE EryTHROCYTE. MOoNAMyY BuckeLt and J. Derek 
Ricuarpson, Brit. J. Indust. Med. 7:131-139 (July) 1950. 


Heinz-Ehrlich bodies or bodies of hemoglobin degeneration were first noted in the erythro- 
cytes in cases of phenylhydrazine poisoning in animals. They are generally produced by 
substances that also lead to methemoglobinemia, and accordingly the suggestion has been made 
that the stained blood film is a simple way of detecting early poisoning due to nitro compounds. 
However, not all commpounds which give rise to methemoglobinemia give rise to Heinz bodies and 
vice versa. 

Heinz bodies have been observed in human erythrocytes in accidental poisoning due to nitro 
compounds, naphthalene and aniline and in malaria and hemoglobinuric (black water) fever. 
Studies of in vitro formation of Heinz bodies using phenylhydrazine and acetylphenylhydrazine 
have been carried out on oxalated blood. In addition to formation of Heinz bodies there is 
usually a decrease in hemoglobin and cell fragility and appearance of methemoglobin. The 
matter of the source, cytoplasmic or nuclear, and the exact chemical nature of these bodies is 
not settled. 

The staining characteristics of Heinz bodies are similar to those of reticulocytes, and to 
prevent confusion cresyl blue reticulocyte stain should be used. 


A list of substances producing Heinz bodies is appended. take 


INFLUENCE OF LEAD ABSORPTION ON THE RATIO oF LARGE TO SMALL Lympuor CELts. D. O. 
Suiets, M. J. Australia 2:205 (Aug. 5) 1950. 


Shiels shows that much more attention has been given to erythrocytes than to leukocytes in 
lead poisoning, and he feels that this might explain the difference of opinion as to whether there 
are any definite changes in the white cells in lead poisoning. In 1934 Ferguson and Ferguson 
investigated the effects of lead on the blood of men exposed to lead hazards in ship-breaking. 
They found an increase in the ratio of large lymphocytes plus monocytes to small lymphocytes. 
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In investigations covering hundreds of persons engaged in lead mining, lead smelting, etc., he 
confirmed the general observations of Ferguson and Ferguson (1934) in regard to the ratio of large 
to small lymphoid cells. In further investigations he has had an opportunity to make studies on 
over 400 employees of a new plant producing storage batteries. The workers had not previously 
worked in any trade involving lead exposure. The proportion of stippled cells, the ratio of large 
lymphocytes plus monocytes to small lymphocytes and the urinary concentration of lead were 
determined at intervals of approximately six weeks. The first examinations took place after the 
employees had been working for several weeks in this factory. Great care had been taken to 
minimize the lead hazard by suction exhaust ventilation and other precautions; but gradually 
there was an increase in the total lead exposure either through increasing length of the exposure 
to a nonincreasing daily hazard or through exposure to increasing lead concentration in the 
atmosphere. 

The results of many of the tests are recorded in tables. Summarizing the results, the author 
says that absorption of lead causes an increase in the ratio of monocytes plus large lymphocytes 
to small lymphocytes. In cases of lead poisoning this ratio falls again to within the range of the 
ratio for nonexposed persons. If the ratio falls to less than 2.0, lead poisoning is imminent, if 
not already present. Recovery from lead poisoning is accompanied by a rise in the ratio to above 
2.0 in the early stages. In the later stages of recovery the ratio again falls to the range of ratios 
of nonexposed persons. In the new workers there is a direct correlation between the cell ratio 
and the urinary lead concentration as exposure increases. The cell ratio is a valuable guide to the 
prevention and the diagnosis of lead poisoning. 


At the present time no answer can be given to the question why there is an increase in this 
cell ratio in the presence of lead. Various possibilities are discussed. 


FRENCH PETROLEUM AND Its PossipL—E USE IN THE PROPHYLAXIS OF BENZENE POISONING. 
B. Reme, Arch. d. mal. profess. 8:270, 1947. 


The production of crude petroleum in France is discussed. The low concentration of aromatic 
compounds in French petroleum suggests the use of the light fractions as solvents in industry 
to prevent benzene poisoning. J. H. Wetssurcer [CuHem. Asst.]. 
INpUSTRIAL PeRFoRATED ULcer or Septum 1N Giass Workers. L. BerNasel, Atti 

Accad. fisiocrit. Siena 17:338 (No. 2) 1950. 


Bernabei reports 10 cases of perforation of the nasal septum. The glass workers involved were 
in charge of preparing the mixtures used in the production of glass. These mixtures contained 59 
per cent silica and 40 per cent anhydrous sodium carbonate. As the department had 13 workers 
in all, the incidence was 76.9 per hundred. All the patients had micronodular pneumonoconiosis. 
The author points out the need of technical improvements in glass factories and suggests pre- 
ventive measures, including the obligatory use of masks and periodical medical examinations. 


DistRIBUTION OF MERCURY IN THE ORGANS oF Raspits Po1sONED SUBACUTELY WITH MERCURY 
Vapor. Luict Bricatti, Med. d. lavoro 40:240, 1949. 
Rabbits were poisoned by daily two-hour exposures to an atmosphere containing 15 ug. of 
mercury per cubic meter of air. Death occurred within 26 to 48 days. The distribution of the 
mercury in the organs was essentially the same as that in human mercury poisoning. 


ADAPTED FROM CHEM. ABST. 


Acute PULMONARY SYNDROME oF ARC WELDING. 
41:225 (Aug.-Sept.) 1950. 


The dangers of are welding are described with emphasis on the possibility of chemical 
pneumonitis due to inhalation of toxic gases. A case of acute pulmonary edema with subsequent 
bronchopneumonitis occurring in an arc welder is described. The disease is related to the 
inhalation of hydrofluoric acid derived from the calcium fluoride content of the electrodes. 


Giuseppe Montesano, Med. d. lavoro 


ADAPTATION OF ENGLISH SUMMARY. 
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HIsTOPATHOLOGIC MODIFICATIONS IN EXPERIMENTAL INTOXICATION DUE TO TRINITROTOLUENE, 
FoLtowinc THERAPY witH Lipocaic (PANCREATIC HoRMONE) and METHIONINE: 
BEHAVIOR oF Kipneys, ADRENALS, SPLEEN, LuNGs AND HEART. SALVATORE Dr Lauro, 
Folia med. 33:202 (May 5) 1950. 


Di Lauro administered methionine and lipocaic, separate or combined, to various groups of 
rabbits which had been previously intoxicated with trinitrotoluene. Rabbits which were 
intoxicated with trinitrotoluene but were not treated with these drugs served as controls. 
Microscopic examination of organs (kidneys, adrenals, spleen, lungs and heart) of the 
control animals showed vascular congestion, hemorrhages, hyaline degeneration, fatty degener- 
ation and necrosis. These changes were arrested or completely absent in the organs of the 
rabbits which had been given methionine or lipocaic in the early stage of trinitrotoluene 
intoxication. The preventive effect of the drugs was particularly pronounced on combined 
administration. The drugs were ineffective when administered in the late stage of the intoxi- 
cation, after irreversible damage had been inflicted on the tissues. 


CYTOHISTOPATHOLOGICAL CHANGES Due To EXPERIMENTAL ADMINISTRATION OF NICKEL. V. 
Vacerio, Folia med. 33:245 (June) 1950. 


Valerio administered an aqueous solution of nickel chloride at a dosage of 1 mg. every other 
day by intraperitoneal route to guinea pigs. Peripheral blood counts showed a definite increase of 
the number of red blood cells, a higher hemoglobin level and an increased number of reticulocytes 
(types I and II), of platelets and, to a lesser extent, of leukocytes. The red blood cells presented 
poikilocytosis, a tendency toward microcytosis and punctate basophilia. The percentages of 
lymphocytes and reticuloendothelial cells were increased, and big, irregular cells of the irritative 
type were present. The bone marrow showed functional myeloblastic activity and a scarcity of 
erythroblasts. The reticuloendothelial system showed a certain reticulohistiocytic activity, and 
the resulting phagocytosis may be attributed to mesenchymal stimuli. Microscopic studies of 
marrow, spleen, liver, kidney, adrenal and lung tissues revealed changes suggesting an acute 
toxic condition. Polyglobulism may be interpreted as a primary response of the marrow to 
the toxic stimuli, assuming the form of an increased and accelerated production of red blood 
cells with a tendency toward microcytosis and with a lower hemoglobin level. 


BENZENE INTOXICATION IN ARGENTINE WorkKerRS. M. P. FrANcone and L. Brater, Med. 
depor. y trab. 15:3386 (June) 1950. 


The use of benzene in Argentina is increasing. Intoxication of workers is a menace. For 
protection of the workers in the future, the following measures are pertinent: Establish laws 
demanding proper ventilation and use of equipment for outer elimination of gases and vapors 
in plants using benzene. Establish conditions of safety for workers and provide them with 
frequent periodic clinical and hematological examinations. Refuse work in benzene plants to 

‘ adolescents and to women. 


Intoxication Due To THE REFRIGERATOR GAS MetHyL CHLORIDE: AN EPIDEMIOLOGICAL 
Stupy. A. Vircues, Rey. Inst. Bacteriol. Malbran 14:63, 1949. 


In August 1949 there came under the author's observation several cases of a disease, fairly 
acute in onset, with symptoms predominantly nervous. The patients were admitted to the 
Muniz Hospital with the provisional diagnosis of “virus encephalitis,’ which subsequently 
proved erroneous. The symptoms were nausea, vomiting, diarrhea, a pungent taste or 
tingling of the tongue (picor en la lengua), restlessness with somnolence, incoherence (alco- 
holism was suspected at one time), troublesome hiccup, a peculiar artichoke-like odor of the 
breath, jaundice, pupils dilated and reacting sluggishly to light, tonic and clonic movements 
and, in two fatal cases, stupor and coma. Headache was not complained of and there was 
as a rule little or no rise of temperature. 

Inquiries revealed that the refrigerator had been acting unsatisfactorily for some time and 
the day before the onset of symptoms there had been a leakage and pressure had fallen sharply. 
The gases most used are methyl chloride and freon 12%; the former is inflammable, whereas 
the latter is not. The escaping gas where these accidents occurred was inflammable and, 
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experimentally in concentrations of 0.6-0.8 per cent caused the death of guinea pigs and 
mice after five to 10 hours, with tonic and clonic spasms. Post mortem the organs of these 
animals were hyperemic, the liver fatty and the convoluted tubules of the kidneys swollen; 
the lungs were congested, with extravasations, and there were small hemorrhages throughout 
the central nervous system. 

The dangers of such a leakage are not negligible, as is obvious from the cases described, 
and are greater because the gas is almost odorless. The author suggests the addition of some 
substance which will reveal by some definite odor any escape of the toxic methyl chloride. 


CONDENSED FROM BULLETIN OF HYGIENE. 


CoLorIMETRIC MICRODETERMINATION OF SMALL AMOUNTS oF SiLicic Acip IN BLoop AND URINE 
AND Its USE IN THE LunG Ciinic. Hans Gonr and Otro ScnHott, Beitr. z. Klin. Tuberk. 
102:29, 1949. 


A micromethod is described for the determination of silicic acid in blood and urine. The 
organic matter is destroyed with nitric acid and potassium sulfate. The silicic acid is separated 
and dried with sulfuric acid. The silicon dioxide is washed with hydrochloric acid and water 
to free it from phosphoric acid and iron and is dissolved in a potassium carbonate melt. Finally 
the silicon dioxide is determined by transformation into a yellow silicomolybdenum combination 
which is changed by reduction with hydroquinone and sodium sulfite to molybdenum blue. The 
color intensity is measured in a Stufen photometer. In preliminary tests the method proved 
specific and sensitive to 5 ug. Amounts of silicon dioxide added to urine and blood were 
recovered almost quantitatively with an error of 3 to 5 per cent. Samples of 2 cc. suffice for 
urine and blood analysis. Normal urine averaged 3.6 and normal blood 1.6 mg. silicon dioxide 
per 100 cc. 


ADAPTED FROM CHEM. ABST. 


ALLERGIC REACTIONS IN Persons WorKING witH Castor Om Seeps. K. RejsexK, Arch. 
med. Rada (Belgrade) 3:209 (Dec.) 1948. 


In the castor oil industry, during pressing and extracting castor oil from seeds and pulp, 
some disturbances of health, partly of an allergic character, make themselves apparent. They 
manifest themselves in the form of heavy conjunctivitis, acute dermatitis and eczema, and finally 
attacks of bronchial asthma. The attacks of asthma are of three clinical types. One type of 
attack would take place immediately in the first hours of work, and it would exclude the 
worker immediately. In the second type, the worker would feel, after having worked a 
certain time with these seeds, greater and greater difficulty in breathing, until finally a typical 
attack of asthma would develop. The third clinical type is characteristic in the fact that 
the symptoms do not manifest themselves during work, but attacks occur periodically during 
the night. 

All the patients examined had in their blood picture a heavy eosinophilia, and reacted to the 
phosphate extract of castor seed pulp, from which the oil has been extracted. 


ADAPTATION OF ENGLISH SUMMARY. 


Hycienic ProsLeMs IN [NpUSTRIAL Use or PHENYL Mercury Compounps. Kari-Davip 


Lunpcren and Axe Swensson, Nord. hyg. tidsk. 1950, nos. 7-8, p. 207. 


Toxicity tests on mice showed that good control was needed in the industrial handling of 
phenyl mercury compounds. A medical control program was established in connection with 
experimental processes dealing with phenyl mercury compounds in three Swedish paper mills. 
The usual routine clinical examination of the workers was supplemented with blood counts and 
liver function tests. Following mercury vapor inhalation or ingestion, the absorbed mercury is 
excreted in the urine over a period of several weeks. This offers an opportunity to determine 
even very short exposures. Urinalyses are thus a good method of checking the effectiveness 
of the engineering control of mercury vapor concentration in the plant. In the three industries 
investigated, the urinalyses have shown only a few increased values, and these dropped to 
the base line of the method in a very short time. Analyses of air have shown small amounts of 
mercury up to 0.07 mg./M ® at only a few locations in the plants. 
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With good planning of working conditions in the experimental process and with adequate 
hygienic control measures from the beginning, the exposure should not be great enough to cause i 
clinical manifestations of intoxication. The investigations show that the phenyl mercury com- i 
pounds used in paper mills are not likely to be an industrial health hazard if their use is | 
controlled as described. Particular attention should be paid to those who handle the concentrated 
material. Exposure to the liquid from leaking cocks, accidental sprinkling, dropping of con- 
tainers, etc., may cause intoxication. 


ADAPTATION OF ENGLISH SUMMARY. 


Environmental Conditions 


CLASSIFICATION OF ENVIRONMENTAL Exposures. J. J. BLOOMFIELD, Indust. Hyg. Newsletter 
10:11 (Oct.) 1950. 


This article presents a general discussion of substances found as atmospheric contaminants. 
They are classified and discussed as chemical, physical and biological agents. The chemical 
agents are dealt with in greatest detail as an example. Sources, determination, ingestion, skin q 
absorption, inhalation, hygienic standards of exposure and measurement of exposure, physiological 
effects and diagnostic signs are outlined and discussed. Mary O. Amour, Boston. 


Arr STERILIZATION AND HumMAN HeAttH. B. H. Jennincs, Refrig. Engin. 56:323, 1948. 


Interior air can be improved by diluting it with excessive amounts of outside air, by filtering 
it, by electrostatic precipitation of bacteria and dust, by ultraviolet irradiation and by use of 
chemical vapors. The first two methods have definite physical and economic limitations which 
cannot be exceeded. Ultraviolet radiation of the wavelength 2537 A is in the effective range 
for destruction of bacteria. Triethylene glycol is the most effective of the chemical vapors. 
Under normal conditions a concentration of 0.004 mg. per liter of air has a highly lethal effect 


on bacteria. ADAPTED FROM CHEM. ABST. 


ContTRAST OF COLOR IN WoRKING PLACES IN RELATION TO Propuction. A. E. IMmsrtAno, 


Med. depor. y trab. 15:3408 (June) 1950. 


Imbriano carried on observations in plants in Argentina. Contrasts in the colors of walls, 
ceilings, floors, equipment and uniforms of workers resulted in improvement of illumination of 
working places, diminution of accidents, increased production and better quality of work done. 


Tue Proprem or Sarety INpuSTRIAL HyGieENE IN WATER AND SEWAGE WORKS. 
Evucentusz Gorecki, Gaz. woda i tech. sanit. (Polish) 24:103 (March); 24:149 (April) 
1950. 


This is a classification of hazards at water and sewage works according to the scheme in 
use by the International Labor Bureau, Geneva. A review of existing regulations pertaining to 
construction practices and crafts as they relate to sewerage and sewage treatment is given; for 
example, shoring for different excavation depths and soils in sewer excavation, to prevent 
cave-ins, and hazards associated with electrical equipment, welding, etc. In sewage works the 
hazards listed are associated with asphyxiation or explosion in sewers, observation wells, 
settling, and digestion tanks; electrocution from contact with electrical currents in damp loca- 
tions; slipping or falling on catwalks, stairs, other slippery surfaces; possibilities of falling or 
drowning in tanks inadequately lighted or improperly barricaded; drowning in combined or 
storm sewers, settling, and digestion tanks, etc., and the possibility of skin diseases from contact 
with sewage and/or industrial wastes. A listing of 40 regulations pertaining to approved safety 
and industrial hygiene practices is given. A very extensive discussion is presented of means 
for identifying and determining amounts of gases in sewers, manholes, etc. 


Conrap P. Straus [Sewage & Indust. Wastes]. 
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Determination of Air-Borne Contaminants 


PuHoroetectric DETERMINATION OF ATMOSPHERIC SULFUR Dioxipe. M. Karz, Analyt. Chem. 
22:1040 (Aug.) 1950. 


Dilute solutions of starch-iodine have been found suitable for the continuous determination of 
low concentrations of sulfur dioxide in smelter areas where hydrogen sulfide is not likely to 
occur. The most effective concentration range of solution is from about 7 x 10 —*® N to 
2 x 10 —5 N. The apparatus for the continuous recording of sulfur dioxide consists of a 
Thomas analyzer, two gas bubblers containing 100 ml. of solution mounted in a block with 
a light source between them, and two photoelectric cells. The output current is passed through 
a standard resistance box, and the voltage drop across the 0 to 500 ohm terminals is measured 
by a potentiometer with a scale range of 0 to 500 my. The instrument has a range of less 
than 0.01 to 1.00 ppm or more, depending on the size of the gas sample and the volume of 
solution used in the absorbers. It has been used for several seasons to determine the sulfur 
dioxide content of the air at a location in the Sudbury smelting district. Comparative tests 
of the I:-H:O: conductivity methods have been made with a portable apparatus on simultaneous 
samples of air in the path of the smelter fumes. The results indicate that a substantial fraction 
of the smelter smoke during a fumigation may consist of sulfur trioxide, sulfuric acid or sulfate. 


ANALYyT. CHEM. SUMMARY. 


TRANSACTIONS OF THE TWELFTH ANNUAL MEETING OF THE AMERICAN CONFERENCE OF 
GovERNMENTAL INpUSTRIAL HycieNtsts, Chicago, April 22-25, 1950. Published by Federal 
Security Agency, United States Public Health Service, Division of Industrial Hygiene, 1950. 


This is a mimeographed record, of 100 pages. 


Tue DeNsIOMETER P.R.U.: A New APPARATUS FOR MEASURING Dust CONTENT OF THE AIR. 
Giuseppe Montesano, Med. d. lavoro 41:230 (Aug.-Sept.) 1950. 


The apparatus was recently introduced to measure the density of dusts in industrial plants. 
It is based on the obstacle presented by a sample of dust to the passage of light, registering this 
change on a photocell. The apparatus, although not permitting very precise work, is useful in 
checking industrial premises already studied by more exhaustive means. The speed with which 
samples may be taken and read are the advantages of the densiometer. 


ADAPTATION OF ENGLISH SUMMARY. 


Medicine and Surgery 


INFLUENCES OF THE UNUSUAL ON PLANT Mepicat Activities. R. E. Arnot, Indust. Med. i 
& Surg. 19:384 (Aug.) 1950. 


The incidence of dispensary visits was compared with the number of departments working in 
a smail plant, and the effects of layoff, rumors, holidays and managerial change were 


demonstrated by graph. From AutHor’s SUMMARY. 


GENERAL Motors Mepicat CoNFERENCE. Indust. Med. & Surg. 19:397-430 (Sept.) 1950. 


The following papers were read: 

“The Experience of General Motors in Selection, Placement and Follow-Up of Employees,” 
by G. A. Jacoby. 

“Selective Placement in Industry,” by M. R. Burnell. 

“Interviewing Techniques,” by A. A. Hendrix. 

“Employment Testing,” by O. L. Crissey. 

“The Foreman’s Role in Selecting New Employees and Employee Performance Rating,” 
by P. J. Pflasterer. 

“Evaluation of the Employee’s Attitude,” by W. H. Harvey. 
“Antihistamine Chemicals in the Treatment of the Common Cold,” by W. L. Baughn. 
“Adaptation of Intravenous Procaine to Industrial Medicine,’ by M. V. Shelanski. 
“Instruments and Devices Displayed at Conference” (illustrated). 
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Tue SuccessFuUL TREATMENT OF Two Recent Cases OF CYANIDE Potsontnc. A. L. Porter, 
Brit. J. Indust. Med. 7:125-130 (July) 1950. 


Hydrogen cyanide (hydrocyanic acid) and its sodium and potassium salts are potent, rapidly 
acting poisons. The salts enter the body by ingestion, principally, and by being absorbed through 
injured skin; the acid, by inhalation. The effects do not differ with route of entry. Hydrogen 
cyanide is a bulbar poison and death is usually due to paralysis of the respiratory center; it 
also prevents liberation of oxygen from the hemoglobin in the blood stream. The cyanide readily 
combines with methemoglobin to form cyanmethemoglobin and is eliminated in urine as thio- 
cyanate. 

The affinity of the cyanide for methemoglobin forms the basis of the various treatments used. 
Chen has shown that successive injections of sodium nitrite and sodium thiosulfate yield the 
best antidotal effect. The probable mode of action is that the nitrite leads to formation of 
methemoglobin, and then cyanmethemoglobin is formed. The thiosulfate aids conversion of the 
cyanide to thiocyanate, which is the normal mechanism of excretion of cyanides. Repetition of 
treatment may be necessary because the latter reaction is reversible; consequently a 48 hour 
observation is advisable. The therapy includes amyl nitrite by inhalation, followed by nitrite 
(6 to 10 mg./Kg.) intravenously, then by thiosulfate (0.5 Gm./Kg.) intravenously, with repetition 
if signs of poisoning persist or recur. Two cases in which the patients were successfully treated 


are reported. ARNOLD A. LEAR, Boston. 


INJURIES OF SEMILUNAR CARTILAGES IN MINERS: A Review oF 200 CASES, WITH SPECIAL 
REFERENCE TO THE Post-Operative Disapitity Time. A. A. Bonar, Glasgow M. J. 
31:197 (June) 1950. 


Bonar assesses the results of 200 meniscectomies performed on miners. Five of the men were 
employed on surface work; the remaining 195 were miners in the true sense of working under- 
ground. It is striking that 72.3 per cent of all torn cartilages in underground men are sustained 
by the group of coal face workers, who are subject to the greatest strains and hazards of mining, 
although they represent only 42.6 per cent of the total underground manpower. 

The medial meniscus was involved in 181 cases, the lateral in 18 and both cartilages in 1. 
A tabulation of the end results in terms of working capacity shows that 189 of the 200 were 
able to return to their preaccident work. Eight of the 11 unable to return to their preaccident 
work had severe osteoarthritis. 

Reviewing the various factors that influence the period of disability, the author says that 
age is of greatest importance. A delay of up to six months between injury and operation has 
no obvious influence on the disability time. The period of disability is not significantly affected 
by the nature of the individual miner’s work. In joints with severe osteoarthritis the results 
of meniscectomy are very discouraging, but minor degrees of arthritic change are not a contra- 
indication to operation. 


Ventilating, Air Conditioning and Engineering Control 


Economic UTILIzATION oF SULFUR D10xipeE FROM METALLURGICAL Gases. R. A. KING, 
Indust. & Engin. Chem. 42:2241 (Nov.) 1950. 


The peculiar conditions regarding the dispersion of smelter smoke at Trail, B. C., Canada, 
are outlined, and the development of the various sulfur recovery processes employed is traced, 
with mention of the technical and economic considerations involved. The Trail smelter is 
located in a mountainous area where topographical and meteorological conditions are unfavorable 
for adequate dispersion of the sulfur dioxide contained in metallurgical waste gases. Expansion 
of the smelter output in the middle 1920’s resulted in some atmospheric pollution, and proximity 
to the United States border lent international complications. Many of the developments were 
based on integration of new plants with existing ones and utilization of by-product materials 
from established operations. The availability of ammonia made possible its employment as an 
absorbent for sulfur dioxide. The acidification process for releasing sulfur dioxide from the 
absorbing solution was practical because a supply of sulfuric acid was at hand and the company 
was already producing and marketing ammonium sulfate. By-product oxygen made possible 
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operation of the sulfur dioxide reduction process, and later the availability of by-product oxygen 
and substantially pure sulfur dioxide made possible the development of the cyclic process of 
sulfuric acid manufacture. The 15 years prior to 1943 witnessed the development of processes 
and installation of fertilizer plants at Trail, with the result that sulfur dioxide has changed 
from a waste material to a valuable raw material in short supply. To meet the demand for 
acid for fertilizer production, roasting of iron concentrates for acid recovery became necessary 
in 1943. At present all roaster and sintering plant gas is treated for sulfur recovery, and iron 
concentrate is roasted intermittently, depending on the demand for acid and the availability of 
customs zinc concentrates. Total current loss to the atmosphere from Trail operations is less 
than 9 per cent of the sulfur charged. The sulfur released to the atmosphere annually in 
1947 and 1948 was less than in any other year since 1904. 


AuTHor’s SUMMARY. 


OBSERVATIONS ON THE Errect or Locomotive HAULAGE ON ENVIRONMENTAL CONDITIONS IN 
Mines. A. E. Crook, Tr. Inst. Mining Engineers 109:147 (Nov.) 1949. 


There has been a great increase in the extent of mechanized mining in Britain, and as a 
part of that development wire rope haulage is gradually being superseded by the use of diesel 
or battery locomotives underground. Already more than 170 diesel and 15 battery locomotives 
are at work, 200 are on order, and hundreds more may be introduced during the next 10 years 
—in the Ruhr, with an area of about half the size of the British aggregate, over 3,000 are in 
use underground. 

This paper reports on a study of the rate of production of heat and water vapor, and of 
noxious gases, by diesel locomotives, and of heat by trolley locomotives. There is consideration 
of the maximum permissible concentrations of noxious gases in working places, and of ventilation 
rates. 

The diesel locomotive produces 2% to 2% times as much heat as the trolley locomotive, 
working under the same conditions, but the dry bulb temperature of the air is raised to about 
the same extent by both types of locomotive because the diesel used much of its waste heat to 
cool its exhaust gas by the evaporation of water. The rise in wet bulb temperature with the 
diesel is about twice that with the trolley locomotive. 

When these locomotives are used on level roads which are also used for main ventilation, the 
temperature increments are small, but they are appreciable on adverse gradients. As examples, 
on a level road with ventilation at the rate of 66,000 cu. ft. per minute the dry bulb and wet bulb 
temperature increments due to a diesel locomotive were both 1-1 F., but with the ventilation 
reduced to about one sixth (10,500 cu. ft. per minute) the dry bulb temperature rose by 7-0 F. 
and the wet bulb by 6-1 F. In a deep and hot mine such increases in temperature may be 
serious, and for such places compressed air locomotives, which introduce no heat, may have 
to be considered. 

The diesel locomotive gives off oxides of nitrogen, which must be diluted so that their 
concentration is below the harmful level. Emphasis is placed on the need for a high standard 
of inspection and maintenance of these locomotives when they are used underground. 

Appendixes to the paper give detailed computations of heat production, and the relationship 
between heat, ventilation and temperature. 


Tuomas Beprorp [Bull. Hyg.]. 


DANGER OF CARBON MONOXIDE POISONING IN THE CONVERSION OF HYDROCARBONS AND THE 
MANUFACTURE OF METAL CarponyLs. B. Réme, Arch. d. med. profess. 8:459, 1947. 


The conversion of hydrocarbons and the manufacture of metal carbonyls give rise to the 
production of large quantities of carbon monoxide, in proportions of up to 30 per cent. Experi- 
ence has shown the danger of carbon monoxide poisoning, and that the general, individual and 
medical preventive measures used in gas plants should be applied in these industries also. 


A. Paprneau-Couture [Chem. Abst.]. 
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EXPERIMENTS ON THE BRUCK-VIGLIANI METHOD FOR ASPIRATION OF Drittinc Dust In MINes. 
G. Montesano, Med. d. lavoro. 40:251 (Oct.) 1949. } 


The Bruck-Vigliani attachment for a pneumatic drill consists of a special wool filter, through 
which air is aspirated by means of a Venturi ejector operated by compressed air from the mine 
supply. Air is drawn from the bottom of the hole being drilled, through the axial channel 
in the drill steel, which is otherwise used for feeding water. i 

A comparison was made, by taking thermal precipitator. samples of air-borne dust, between | 
dry drilling with the aspiration attachment in operation and wet drilling, with water injected 


through the hollow steel. { 
In both cases very much less dust was recorded than is usual when drilling in the absence : 

of suppressive measures. The Bruck-Vigliani appliance was at least as effective as wet drilling $ 
in decreasing the production of dust. No indication is given of the lifetime of the filter. f 
C. N. Davies (Bull. Hyg.]. : 

f 

Accidents and Their Prevention; Protective Equipment j 

Tue Use or Dust Resprrators tN Coat Mines. S. J. Pearce, Information Circular 7561, : 


United States Department of Interior, Bureau of Mines, March, 1950. ‘ 


This circular is intended to answer complaints regarding dust respirators by discussing the 
various factors relating to the proper use of dust respirators in general and in coal mines in i 
particular. The construction, functioning, choice, fitting and maintenance of dust respirators are 
discussed. It is pointed out that dust respirators are not to be used as a substitute for dust-control 
measures. 


CONDENSED FROM AUTHOR'S INTRODUCTION AND SUMMARY. 


ACHIEVEMENTS IN MINE SAFETY RESEARCH AND ProplemMs Yet To BE Sorvev. Arno C. 
Frecpner, Information Circular 7573, United States Department of Interior, Bureau of 
Mines, June 1950. 


Fieldner reviews the Bureau of Mines’ achievements in mine safety research and outlines the 
basic problems yet to be solved. 
The historical development of the research program is traced. In 1908, at the request of 
the Technological Branch of the United States Geological Survey, of the Department of the 
ial Interior, British, Belgian and German authorities in mine safety practice, surveyed United States 
ee coal mines. Recommendations led directly to the creation of the Bureau of Mines on July 1, 
: 1910 and its now 40 year old research program. 
The accomplishments and problems yet to be solved are discussed in separate sections of 
‘i the paper under the subheadings (1) explosives, (2) dust explosions, (3) gas explosions, (4) 
¢ ventilation, mine air and air-borne dust, (5) oxygen-breathing apparatus, respirators and gas 
masks, (6) electrical and mechanical equipment and (7) prevention of roof falls. 


u The use of permissible explosives, the electric cap lamp, adequate ventilation, rock dusting, 

q explosion-proof electrical equipment and roof bolting are prominent among the major safety 

q developments reviewed in this paper. Methods for detection and measurement of toxic and/or 

i explosive gas and dust concentrations are described. 

q Statistics are presented showing that in the five year period ended in 1910, 394 lives were 

4 lost annually per 100,000 men employed in coal mines of the United States, compared with 203 

4 for the five pear period ended in 1949. During the last 40 years fatalities from gas and dust 

; explosions and from the handling of explosives have decreased about 80 per cent, those from ; 

4a electrical contacts 56 per cent, those from falls of roof and coal 39 per cent and those from F 

4 haulage 24 per cent. : 
Falls, haulage and explosions, accounting for 77 per cent of the fatalities from 1945 to 1949, 5 


also present the majority of unsolved problems. The author stresses the fact that the solutions 
of these problems depend largely on effective safety education for both miners and management 
and closer contact between mine safety research and field operations. 


Twenty-se technical ref r ; 
y-seven tec eferences are presented Recuaze Dawns, Boston. 
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UNDESIRABLE EFFECTS OF VIBRATING TOOLS UPON INDUSTRIAL WORKERS. 
Tr. Bull. No. 14, Pittsburgh, Industrial Hygiene Foundation, 1949. 


KENNETH M. SMITH, 


Smith suggests that “white fingers” from operating pneumatic vibrating tools can be prevented 
by using a sort of “isolator,” which is clamped to the tool, or, if that is impractical, wearing a 


special mitten. Puitie Drinker, Boston. 


Stupies 1N OccupaTIONAL Morsipity: Parr III. Ian C. G. Harris and A. 
SMitue_rs, Brit. J. Indust. Med. 7:140-144 (July) 1950. 


The authors have collected data on all reported accidents occurring at work in two factories 
employing 4,285 workers. There were fewer accidents among female than among male 
employees. The accident rate varied with the nature of work being done. The younger 
employees tended to have higher accident rates than illness rates. This pattern is a function of 
experience, sense of responsibility and more frequent reporting of accidents by younger employees. 
Less than 1 per cent of the accidents caused the loss of one working day or more. The common 
types of injuries were cut fingers (35 per cent), bruises and foreign bodies in the eye and the 
finger. Early reporting of injuries results in low incidence of sepsis. 


A. LEAR, Boston. 


A Case oF PoisoNinG By Nitrous Fumes ARISING IN CLEANING THE INSIDE OF Pipes CHEMI- 
catty. Assouty, Arch. d. mal. profess. 10:507, 1949. 


Two men were set to clean the pipes of the radiator of a diesel engine. For this purpose 

chemicals were used, of the composition of which the men were ignorant. At the close of the 
process they threw a sack of powder into the water tank, whereupon there was a sudden evolution 
of thick red fumes. These fumes set up a sharp attack of coughing and one man went out. 
The other stayed, although he experienced violent cough and palpitation. For the next few f 
days this second man felt tired out and experienced palpitations. The powder at fault contained 
sodium nitrite and sodium carbonate, while the tank contained hydrochloric acid. The nitrite 
was there to set going a reaction by which a film of iron nitrite forms on the inside of the pipes 
and so protects the metal from further corrosion. A year after this occurrrence the second 
man was still complaining of dyspnea and heart attacks; he was awarded as compensation 3 per 
cent of partial permanent incapacity. E. L. Coutts (Bull. Hyg.]. 


ARSINE INTOXICATION DURING THE CLEANING Out oF A Borter. F. M. Troisi, Med. d. lavoro 
41:166 (May) 1950. 


Troisi describes a case of mild arsine intoxication of a worker who was cleaning out the 
calcareous sediment on the inside of a boiler in which 44 gal. (166.5 1.) of 10 per cent hydro- 
chloric acid had been allowed to stand for 18 hours. The arsine was produced by the reaction 
between the arsenic contained in the acid (0.001 per cent) and the hydrogen that originated from 
the contact of the acid and the metallic walls of the boiler. 

The poisoning was mild. The symptoms were dyspnea, headache, nausea and vomiting ; after 
12 hours, hemoglobinuria, and after 24 hours, fever. Jaundice was not present. The analysis of 
the urine showed hemoglobin and albumin with many granular and epithelial casts and disin- 
tegrated red blood cells. Recovery took place in a few days. 


ADAPTATION OF ENGLISH SUMMARY. 


Legal Medicine 


InpustRiAL HEALTH LEGISLATION: A COMPILATION OF STATE LAWS AND REGULATIONS, JULY 
1950. Victorta M. Trask, Federal Security Agency, United States Public Health Service, 
1950. 


This is a mimeographed booklet of some 156 pages with index. It gives in summary the basis 
of authority for conducting industrial hygiene activities or safety programs, the extent of rule- 
making and enforcement powers, and related functions; the control of occupational health haz- 
ards in industry; the reporting of occupational diseases, and compensation for disability from 


occupational diseases. Puitrp Drinker, Boston. 
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News and Comment 


1951 MEETING OF AMERICAN ASSOCIATION OF INDUSTRIAL DENTISTS 
The American Association of Industrial Dentists, a component member of the Industrial 
Health Conference, will hold its 1951 annual meeting April 24, 25 and 26 in Atlantic City, N. J. 
The theme of this year’s program will be the various expressions of dental care programs as 
they relate to an industrial population. 


Book Reviews 


Guide to the Diagnosis of Occupational Diseases. Industrial Health Division, Depart- 
ment National Health and Welfare, Ottawa, and Division of Industrial and Controller of 
Stationery, Ottawa, 1949, 


This reference manual presents in outline form descriptions of those industrial materials 
which are commonly recognized as occupational hazards. For each substance, there is a brief 
presentation of the properties, uses and occurrence, the mode of entering into the body and the 
physiologic action and toxicity. The signs and symptoms are also described and the recom- 
mended maximum allowable concentrations are given. 

Lengthy lists of occupations and their potential hazards are included in separate chapters. 
The entire work is brief and may appeal to those who are concerned merely with a casual 
knowledge of the toxicity of a certain compound or compounds. It does not, however, furnish 
sufficient information concerning laboratory identification of toxic materials nor does it include 
an adequate discussion of industrial hygiene measures. 

Great stress is placed on recommended maximum allowable concentrations, but the fallacies 
inherent in many of these are not adequately presented. No mention is made of the more 
recent insecticides, such as TEPP-chlordan (1,2,4,5,6,7,8,8-octa-chloro-2,3,3a,4,7,7a-hexahydro- 
4,7-methanoindene), parathion (O,O-diethyl O-para-nitrophenylthiophosphate), etc., or of the 
newer rodenticides. 

The bibliography of selected articles is brief, and only two of the articles were published 
later than 1945. Although this may well serve as a good reference volume, the obvious attempt 
to limit the size appears to have been a handicap in the discussions of some of the more well 
known occupational hazards. As its title indicates, this volume will have its greatest use in 
serving merely as a guide. Franx Parnct, M.D. 


Industrial Toxicology. By Lawrence T. Fairhall. Pp. 483. Price $6. Williams & Wilkins 
Company, Mount Royal and Guilford Aves., Baltimore 2, 1949. 


This book, principally directed toward the needs of the industrial hygienist, is an appraisal 
and interpretation of the literature regarding the characteristics, the uses, the toxicity and the 
analysis of most of the materials encountered in industry as well as of some of the newer and 
obscure materials rarely encountered. These materials have been divided into two classes, 
inorganic substances and carbon compounds, with alphabetical listing under each. Some of the 
more commonly encountered and well recognized toxic materials have received summary 
treatment as compared with substances of obscure toxicity or of currently great importance. 
Selected references are included. The brevity and conciseness of the information presented will 
be appreciated by persons who wish to be oriented quickly. We should like to have had a little 
more insight regarding conditions and experiences in today’s industrial plants, and more infor- 
mation which we could discuss man to man with managers, maintenance engineers, ventilation 
men, safety engineers and foremen. The book, however, is useful, and it can be recommended 
not only to industrial hygienists but to any one interested in industrial toxicology and its many 
ramifications. It fills a void that has existed for many years, and it will be appreciated by those 
who have had to dig this information laboriously out of the mass of existing literature. Pains- 
taking care has been exercised in proofreading. The table of contents occupies 3% pages, and 
a comprehensive subject index, 12 pages. SA Peer. 
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for rapid response 
in the pneumonias 


a O j 
: lobar pneumonia with bacteremia ie 
“After initiation of Chloromycetin therapy the temperature 


returned to normal within forty-eight hours, and 
prompt subsidence of the cough and chest pain occurred.”! 


bronchopneumonia 


“Clinically, the child improved rapidly and was out of 
the oxygen tent in 24 hours and afebrile in 36 hours.” 


“On the first evening of Chloromycetin treatment the 
subjective symptoms were less severe, and within 
24 hours his fever began to settle.” 


primary atypical (virus) pneumonia | 


Chloromycetin is effective against practically all 
pneumonia-causing organisms. Response is strikingly 
rapid, temperature drops, the lungs clear. . . 

and your patient is convalescent. 


Chloromycetin is unusually well tolerated. Side effects are 
rare, severe reactions almost unknown. 


Bibliography (1) Hewitt, W. L., and Williams, Jr., B.: 
New England J. Med. 242:119, 1950. (2) Recinos, Jr., A.; 
Ross, S.; Olshaker, B., and Twible, E.: New England J. Med. 
241:733, 1949. (3) Wood, E. J.: Lancet 2:55, 1949. 


Chi ti (chloramphenicol, Parke-Davis ) is supplied 
praeae oa in Kapseals® of 250 mg., and in capsules of 50 mg. 
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Preference by workers 
and management alike 


in the nation’s greatest 
companies indicates 
you too can maintain 
good labor relations, 
increase production 
and lower costs with 
Pax-Lano-Sav* Heavy 
Duty Granulated 


25 Skin Cleanser 


1926 - 1951 
Advertised in American Medical Association Publications 


G. H. PACKWOOD MANUFACTURING CO. - 1545-55 TOWER GROVE AVE. + ST. LOUIS 10, MO. 
Manufacturers Of Fine Industrial Skin Cleansers, General-Purpose 
Cleaners, Degreasers And Dishwashing Compounds 


*Tradename of G. H. Packwood Mfg. Co. 
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izes a deep-rooted tradition 3 
of superlative quality main- 
tained through a quarter cen- 
tury of continuous research 
and development. 
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Help put your safety program across by 
knowing the hazards in the air your workers 
breathe. Willson air sampling equipment is 
highly effective in detecting the amount of 
dusts or chlorinated hydrocarbon vapors in 
the air. This apparatus serves as a guide to 
the degree of hazard surrounding a particular 
job and indicates the extent of respiratory 
protection necessary to maintain better heaith 
and to reduce absenteeism. 


Chierinated Hydrocarbon Sampling Apparatus 


For use by chemists or engineers in Depart- 
ments of Health, Industrial Hygiene, Insurance 
Companies, Chemical Industries, Degreasing 
Plants, etc., for the determination of the con- 
centration of chlorinated hydrocarbon vapors, 
such as trichloroethylene, chlorinated naph- 
thalenes, and chlorinated diphenyl in the air. 


No33le 


\ \ Sampling Flask 


Flask Stopper-Large 


Nog3le Stopper -Small 


IMPINGER DUST SAMPLING APPARATU 


Used by the U. S. Public Health Service, State 
and City Health Depts., Insurance Companies, 
Mines, Smelters and Manufacturing Plants for 
determining the quantity of dusts which may 
cause pulmonary fibrosis. Available with either 
electric or compressed air suction apparatus 
as illustrated. 


PRODUCTS INCORPORATED 
READING, PA., U.S.A. Established 1870 


211 WASHINGTON STREET, READING, PA., U. S. A. 


SEND FOR BULLETIN WITH COMPLETE INFORMATION 
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N embutal 


(PENTOBARBITAL, ABBOTT) 


Here’s a short-acting sedative in liquid form that patients 
7 old and young can take without difficulty. It's the new, 
4, improved Nembutat Elixir—tops in taste, odor, color and miscibility. e The 
new NemBurTat Elixir is not a delectable treat, of course, but considering that it 
contains a bitter-tasting drug, it is palatable indeed. Use of SucaryL® Sodium, Abbott's 
non-caloric, heat-stable sweetener, in place of much of the sugar helped to improve 
the taste. e The new NemBuTat Elixir is much less viscous than the old, making it 
readily miscible with other medication. It also has a wide range of compatibility, 
including a number of other drugs, infant’s formula and whole milk, and it 
remains stable even when heated. e The new Nemburat Elixir is available in 1-pint 
shelf-saving and 1-gallon bottles, each teaspoonful representing 15 mg. ('4 gr,) of 
short-acting NemButaL Sodium. Other products in the NemBurat line include 


capsules, suppositories, tablets, solutions and sterile powder for 


solutions. Handy small-dosage sizes simplify administration. Obbott 


REMEMBER: In equal oral doses, no other barbiturate combines 
QUICKER, BRIEFER, MORE PROFOUND EFFECT 
than NEMBUTAL.* 
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